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Executive Summary
The policies for the sustainable management of water resources are a priority on the European
and national governmental agendas. Current challenges at the European level are to enhance the
knowledge base on the reference situation in terms of water availability and demand, as well as to
define a Guidance Document on the Application of Water Balances for supporting the
implementation of the Water Framework Directive (WFD). In addition, valuation of costs and
benefits and target setting is required, integrated in the River Basin Management Plans (RBMPs),
taking into account the vulnerability of the measures due to future changes, for example climate
change.
In this framework, the main aim of the ASSET (Accounting System for the SEgura river and
Transfers) project, funded by the European Commission under the topic Halting Desertification in
Europe, was to obtain, assess and standardize detailed information on the Segura River basin
(SRB, Southeast of Spain), including the significant external transfers of water into the basin.
The Segura River Basin (SRB, Spain), located in the Southeastern part of the Iberian Peninsula
with an area of 18,870 km2, has the lowest percentage of renewable water resources of all Spanish
basins and is highly regulated. The main water demand comes from agriculture, covering more
than 43 % of the basin surface, of which one-third is brought under irrigation. In 2007 the
agricultural water demand from irrigated areas of the SRB accounted for 85% of the total water
demand in the entire basin. The available water resources per inhabitant in the SRB correspond to
442 m³/inhabitant/year. The difference between water supply and demand is high. Consequently,
two incoming water transfers together with desalinization are considered the most attractive
options to increase water availability in the basin. The problems of water scarcity and droughts are
persistent in the basin, affecting the economy of the region and generating water conflicts between
the final users (such as irrigation communities).
Throughout the project, the utilization of resource management, technological and economic
measures to decrease water scarcity in this drought-prone region was analysed and demonstrated
to be of value. The principal tool employed for this purpose was SEEAW (System of Economic and
Environmental Accounts for Water), complementing the EU water resource balances with local
data for SRB.
The specific planned objectives were successfully reached:
(i)

Collect and assess data water on availability and demands, both in time, space and on the
sector-level, principally from existing studies and documents, and adapt the data for the
implementation of the UN System of Environmental-Economic Accounting for Water
(SEEA-W) implementation.
In summary, considering a time period of 10 years (2000-2010) and a spatial discretization
of the basin based both on European Catchment and Rivers Network System (ECRIN)
aggregation and the exploitation systems, seven Representative Elementary Watershed
Management Units (REWMU) were defined in the basin and the corresponding tables were
generated:
 Physical Supply and Use Tables (PSUTs) at annual scale for each REWMU
1




Hybrid Supply and Use tables at annual scale for the whole basin
ASSET tables at monthly scale for each REWMU

In addition, a deep analysis of some economic indicators was completed. At the basin
scale, indicators of Water Productivity (WPe), and others related to the cost of supplying
water were evaluated, including Implicit water price (IWP) and Implicit wastewater
treatment price (IWTP) as well as the Average water supply cost (AWSC) and the Average
wastewater treatment cost (AWTC). Also, by industry, other indicators have been estimated
in order to show the differences among water users sectors.
(ii)

(iii)

(iv)

(v)

Test several innovative methodologies which allow closing the water balances and
increasing the accuracy of the water accounts.
Among the outcomes of the project, highlight the development of GIS-embedded spatio
temporal toolbox for processing ASSET tables; implementation of an innovative
methodology for generating input to water balances from remote sensing (such as actual
evapotranspiration retrieval from satellite images); the deep analysis of rainfall and drought
trends (through annual maximum dry spells lengths) obtained from Regional Climate
Models (RCMs) by novel RCMs ensemble methods.
The actual evapotranspiration (ETa) is a key input to water balances, and sometimes a
source of uncertainty. Assessing ETa from satellite images (MODIS data) provides spatialtemporal distributions. The ground truth validation with eddy covariance, demonstrated the
reduction of uncertainties involved.
Integrate the water accounts with the RBMP, demonstrate their use for the local planning,
disseminate and interact with other local stakeholders and provide recommendations for
upscaling of findings.
Promising steps were taken in the integration of these types of methodologies in the
RBMPs. The active participation in activities hosted by the Ministry of Food, Agriculture and
Environment (MAGRAMA) of Spain promoted the SEEAW dissemination and interaction
with other stakeholders for its application.
Identify a set of measures, both management, technological and economic, which should
reduce the water scarcity in the basin and its vulnerability to drought;
ASSET project promoted the engagement of stakeholders, and advice from external
experts, by hosting several meetings (such as the International Meeting on Water
Accounting) and the participation in workshops. The strong involvement of the Segura river
basin authority (CHS), which started the public consultation process for the RBMP,
encouraged the identification and assessment of selected measures included in the
Programme of Measures (PoM) of the RBMP.
Assess the basin vulnerability for future changes (climate change, economic, demographic)
In this context, specific studies were made both from observed data and RCMs. Three
critical issues were addressed: (a) calculation of a set of use-to-availability indicators at the
sub-basin scale from the SEEAW tables; (b) analysis of the effects of a 4-year drought
period on the use-to-availability patterns observed at the basin; and (c) impact evaluation of
various water management measures on water shortage, taking into account climate
change and population growth. Finally, an analysis of the potential impacts resulting from a
reduction of the exploitable resources in the basin as consequence of climate and

population changes and the effects that a set of resource management measurements
could have in softening a future scenario featuring higher water shortages was addressed.
In conclusion, the ASSET project, by the innovative methodologies developed for implementing
SEEAW framework and the indicators derived, provides relevant outcomes to RBMP for efficient
allocation of water resources, and complements the EU water resources balance at the local scale.
The project provides recommendations to improve the SEEAW methodology and overcome the
barriers in its implementation.
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Introduction
I

AIMS AND ESTRUCTURE OF THE REPORT

The policies for the sustainable management of water resources are a priority on the European
and national governmental agendas. Current challenges at the European level are to enhance the
knowledge base on the reference situation in terms of water availability and demand, as well as to
define a Guidance Document on the Application of Water Balances for supporting the
implementation of the Water Framework Directive (WFD). In addition, valuation of costs and
benefits and target setting is required, integrated in the River Basin Management Plans (RBMPs),
taking into account the vulnerability of the measures due to future changes, for example climate
change.
In this framework, the main aim of the ASSET (Accounting System for the SEgura river and
Transfers) project, funded by the European Commission under the topic Halting Desertification in
Europe, was to obtain, assess and standardize detailed information on the Segura River basin
(SRB, Southeast of Spain), including the significant external transfers of water into the basin. The
main objective was to analyze and demonstrate the potential of resource management,
technological and economic measures to decrease water scarcity this drought-prone region. The
principal tool to be employed for this purpose is SEEAW (System of Economic and Environmental
Accounts for Water, complementing the EU water resource balances with local data and will be put
into practice in local river basin planning.
The SEEAW, is a standard methodology proposed by the UN Statistics Division (UNSD) in
collaboration with the London Group on Environmental Accounting which provides a harmonized
guide for the integration of hydrological and economic information in support of integrated water
resources management (UNSD, 2012). This water accounting framework is fully integrated and
linked with the System of National Account (SNA) framework – 2008 (EC et al., 2009) and has
been proposed in the International Conference on Water Accounting for Integrated Water
Resources Management (Voorburg, 22-26 May 2006) as the international standard for water
statistics. The analysis of the economical-hydrological data under a common framework as
SEEAW allows to compare statistics and performance ratios across countries and over time and
provides to policymakers with (a) indicators and descriptive statistics to monitor the interaction
between the environment and the economy, and the progress being made towards meeting
environment goals; and (b) a database for strategic planning and policy analysis in order to identify
more sustainable development paths and the appropriate policy instruments for achieving these
paths (UNSD, 2012).
The implementation of SEEA-W in the Segura River Basin (hereafter SRB) means a great
challenge for adapting the original SEEA-W framework conceived from a national-country point of
view to a finer and more hydrologically-based management scale. The first section of the Report
briefly describes the study area, the sub-basin discretization realized, and other important
institutional and governance management issues and baseline data that had to be considered
during the implementation process.
5

Throughout the Report, the data collected, the methodologies developed and the results obtained
in the reaching of the aims of the project will be presented.
The main aims of the project are:
(i)

Collect and assess data water availability and demands, both in time, space and on sectorlevel, principally from existing studies and documents, and adapt the data into the
European Catchment and Rivers Network System (ECRINS) as well as to the UN System
of Environmental-Economic Accounting for Water (SEEA-W);
Test several innovative methodologies which allow closing the water balances and increase
the accuracy of the water accounts;
Integrate the water accounts with the RBMP, demonstrate their use for the local planning,
disseminate and interact with other local stakeholders and provide recommendations for
upscaling of findings;
Identify a set of measures, both management, technological and economic, which should
reduce the water scarcity in the basin and its vulnerability to drought; and
Assess the basin vulnerability for future changes (climate change, economic, demographic).

(ii)
(iii)

(iv)
(v)

The core of the Report is divided en five parts, according to the planned activities, to meet the
aims:
A. Development of Water Accounts for the Segura River Basin.
B. Innovative Procedures for Data Collection and Integration.
C. Identification of Measures for Optimizing Water Allocations.
D. Targeting and Uncertainty Assessment under Future Changes.
E. Dissemination and Integration with River Basin Management Plan.

Finally, the last section of the Report presents general conclusions and recommendations to
overcome some difficulties and barriers identified in the SEEAW implementation.

I.1. The Team
The consortium and team involved in the redaction of this technical report are as follows,
-

-

Universidad Politécnica de Cartagena (UPCT): Dr. Sandra G. García Galiano, Dr.
Francisco Alcón Provencio, Dr. Alain Baille, and the doctoral students Eng. José Angel
Martínez Pérez and Eng. Patricia Olmos Giménez;
Confederación Hidrográfica del Segura (CHS): Techn. Jaime Fraile Jiménez de Muñana,
and Eng. Ginés Toral.
Futurewater (FW-ES): Dr. Sergio Contreras López and Msc. Johannes Hunink; and
SAMUI-FR: Techn. Estelle Morris, and Dr. Mark Morris
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II

STUDY BASIN

II.1. Main basin features
The Segura River Basin (SRB) is located in the semiarid SE corner of the Iberian Peninsula (Fig.
II.1). It covers an area of 18 930 km2 and spread over four regional administrative units (Región de
Murcia, Castilla-La Mancha, Comunidad Valenciana, and Andalucía). Average precipitation in the
region ranges from 1000 mm/year in the headwater sections to 300 mm/year in the driest lowlands,
while potential evapotranspiration averages 1400 mm/year. Extreme rainfall events associated to
convective storms, which are common after the dry season, can reach values up to 100-300
mm/day according to historical records.
The river network is comprised by 1553 km of permanent and intermittent streams, being the
Segura river the most important one (Fig. II.1). At the end of the headwater section, the Segura
and Mundo rivers contributes with the highest natural discharges to the system (391 and 167
hm3/year, respectively) which accounts 68% of the total resources available in the region.
Downstream the Segura-Mundo confluence, other right-side tributaries (Moratalla, Argos, Quípar,
Mula and Guadalentín) provides discharges to the Segura river between 10 and 40 hm3/year up to
reach a total of 105 hm3/year (13 % of the surface water resources). The left-side tributaries have
an intermittent flow regime and provide discharges only after very intense rainfall events (CHS,
2007). Overall, the SRB is considered as one of the most water-stressed regions in the
Mediterranean basin.
Regarding the sectorial structure of the economy, the service sector provides by far most of the
Gross Value Added accounted in the region (70 % of the total GVA in 2009), followed by the
manufacturing sector (12 %), construction (10 %), agriculture (5 %) and the energy sector (3 %)
(data reported by INFO, www.institutofomentomurcia.es/).

Figure II.1. Location map of Segura River Basin.

The SRB presents the lowest percentage of renewable water resources of all Spanish basins and
is highly regulated. The main water demand comes from agriculture, covering more than 43% of
the basin surface, of which one-third is brought under irrigation. The agricultural water demand
from irrigated areas of the SRB accounts for 85 % of the total water demand in 2007 in the entire
basin. With an available water resources per inhabitant of only 442 m³/inhabitant/year, the
difference between water supply and demand is high. Consequently, two water transfers together
with desalinization are considered the most attractive options to increase water availability in the
basin. The problems of water scarcity and droughts are persistent in the basin, affecting the
economy of the region and generating water conflicts between the final users (irrigation
communities, etc.).

II.2. Spatial and time reference units
To implement the SEEA-W framework in the SRB, ASSET adopts the sub-basin scale as the
spatial reference domain in an attempt to capture the strong socio-economic and biophysical
heterogeneities typically observed in Mediterranean environments. Taking as start point the
highest resolution of the ECRINS dataset (EEA, 2012), and a multi-criteria decision analysis based
on physiographic, functional management and expert knowledge items, the SRB was divided into
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the seven Representative Elementary Watershed Management Units (REWMUs) over which the
accounting tables were fulfilled (Fig. II.2).
ASSET adopts the 2000-2010 period as the study reference period, generating the ASSET tables
at monthly scale, and the physical supply and use tables at a yearly timescale for each REWMU.
The hybrid tables are generated at yearly scale and for the whole basin. As an example, the
spatial-temporal scheme adopted for the ASSET project generates a set of 96 Physical Supply and
Uses Tables or PSUTs [ (7 REWMUs + 1 SRB) * (11 years + 1 averaged-value)]. On the other
hand, it resulted in 190 ASSET tables (130 monthly tables and yearly aggregation, for each
REWMU).
A summary of the spatio-temporal resolution adopted, is presented in the following Table II.1.

Table II.1. Spatial and temporal resolution.
Type of Table
Spatial resolution
Time resolution
ASSET

REWMU

Monthly

PSUT

REWMU

Yearly

Hydrid

Whole basin

Yearly

Figure II.2. Representative Elementary Watershed Management Units (REWMUs) defined in the SRB.

II.3. Governance and infrastructure
The management of water in the Mediterranean countries, but especially in the Segura River
Basin, is considered a complex issue. In most of the cases, a lot of institutions exert some
influence in the management chain and decision-making process, a fact that makes difficult and
even problematic the acquisition of the data required for fulfilling the SEEA-W tables.
At the high-level scene, water in the SRB is managed by two large public institutions: the
Mancomunidad de Canales del Taibilla (MCT) and Confederación Hidrográfica del Segura (CHS).
A map of the main infraestructures managed by both institutions is shown in Fig. II.3. MCT, which
is the oldest public water management institution in Spain, deals with the distribution and provision
of water to most of the municipalities of the basin (only some of those located in the headwater are
not supplied).
More than one half of the water managed by MCT comes from the interbasin Tagus-Segura
aqueduct (56 % in average during the 2000-2010), followed by in-basin surface water resources
(22 %) and groundwater (12 %). Desalinized water managed by the MCT started to be supplied to
the system at 2005, reaching a relative contribution to the global system up to 24 % in 2008 (Fig.
II.4). After receiving their quotes of water, some municipalities can surrender the low-level
distribution to private water companies which finally supply the water to households and those
industrial activities connected to the urban distribution network.
CHS is the River Basin Water Authority and has most of the competences in water management in
the basin (management, policy, control, etc.). CHS is in charge of most of the large water
infraestructures (dams, channels) in the region, and manages the reception and distribution of the
water inflows received from the Tagus-Segura and Guadalquivir-Negratin interbasin aqueducts.
Both resources, those generated inside the basin and those received from the interbasin
aqueducts, are distributed among the different irrigation districts and demand nodes through a
network of post-aqueduct channels (Fig. II.3). The water volume received in the basin by TagusSegura water transfer, is mainly distributed for irrigation, households and industries uses (Fig. II.5).
Most of the data available from both institutions, especially those related with the total volumes of
water managed and distributed inside the system, were collected from internal database and
annual management reports.
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Figure II.3. Primary water infraestructures in the SRB. In red, those ones managed by MCT; in blue,
by CHS.
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Figure II.4. Total of water provided by MCT to in-basin municipalities according to its origin source.

Figure II.5. Volume of water received in the basin from the interbasin Tagus-Segura water transfer
and final destination. Data shown for hydrological years (from October to September).
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Development of Water Accounts for the Segura River Basin
III

DATA COLLECTION

III.1. Introduction
The linking between economic and physical water accounts for Segura River Basin is providing
information to be used for efficient water allocation, achieving cost recovery for water infrastructure
assets and the analysis of trade-offs between alternative water and economic policies. For Segura
River Basin it was necessary to identify the categories of water and related services considered in
the accounts. The main account categories from the SEEAW framework considered in this activity
were: (i) Physical supply and use table (PSUT), (ii) Hybrid tables and (iii) Asset accounts.
The core of the SEEAW is primary rooted on a set of standard tables in which are collected the
minimum information that all countries are encouraged to compile using harmonized concepts,
definitions and classifications. A set of supplementary tables are also suggested for being filled
with other data strongly relevant for the decision making process. To quantify the interactions
between the economy and the environment, SEEAW firstly defines a reference spatial and time
domain and divides this spatial geographical domain in two systems: a) the economic system, and,
b) the environment system. The economic system is integrated by all these productive and social
activities which are directly or indirectly related with the use of any type of water. By the other
hand, the environment systems is composed by those environmental compartments in which water
is flowing or is storaged (inland surface water bodies as rivers, lakes or wetlands, the soil, and
aquifers). SEEAW tries to quantify the water stocks and fluxes in the environment at each time
step or reference period, and in which degree economical activities use water as a material input
for the production of materials or as a vehicle or a sink for their wastes. Fig. III.1 presents the
conceptual scheme proposed by SEEAW to identify and quantify the main fluxes of water in a
spatial/time reference domain and the interactions accounted between the economy and the
environment. Table III.1 lists the main economical and environmental items involved in those
interactions.
Economical and hydrological data which are provided in the standard and supplementary tables or
matrices described above, are collected and compiled according two main accounts categories, i.e.
a) the flow accounts, and b) the asset accounts. A brief description of these types of accounts and
the tables which comprised them are presented in Table III.2.

Figure III.1. SEEAW conceptual scheme in which the main interactios and water fluxes between the
economy and the environments are shown (taken from UNSD (2012)).
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Table III.1. Economical and environmental items involved in the SEEAW approach.
Item
Descriptions
Economical items (groups of activity and users)
It includes dryland agriculture and forestry which consume water
directly from the rainfall water stored in the soil, and those ones
Agriculture, livestock, and forestry
which are supplied with additional inputs of water from surface or
underground water reservoirs.
Mining, manufacturing and construction
activities

All activities which involve the extraction and processing of
minerals, rocks or raw materials resulting from other industrial
activities

Electricity, gas and steam generation and
supply

Activities involving the generation or distribution of electricity
and gas, among others. It includes thermal- and hydroc- power
generation.

Water collection, purification and
distribution of water
Sewage disposal and treatment,
reclaimed water distribution
Waste collection and treatment,
remediation activities, and touristic and
urban services
Household

All those economical activities involved directly in the collection,
purification (also the desalinization of seawater) and distribution
of water for meeting domestic and primary and industrial
activities.
All the activities related with the operation of wastewater systems
and treatment plants, and the generation of reclaimed waters for
being in agriculture, industrial activities or urban services (e.g.
irrigation of parks and gardens, or cleaning of streets)
Remediation of pollution, touristic residence (hotel, hostals and
campings) and recreational activities (public and private
swimming pools), and irrigation and cleaning of urban
infraestructures
Use and consumption of water by permanent and temporal
population

Environmental items (water bodies in the environment)
Surface water bodies

Artificial reservoirs and lagoons, lakes and rivers, wetlands, and
snow/ice/glacier stocks

Groundwater bodies

Shallow and deep aquifers

Soil water

It refers to the water stored in the soil domain from rainfall or
irrigated returns, or from water lossess because of leakeges during
the distribution of water. Dryland agriculture and forestry
activities consumes most of their water requirements from this
storage.

Seawater

It is important in dry coastal areas where desalinization activities
and the capture of seawater for refrigeration of electricity-gas
power and refinery plants

Table III.2. Main account types, and tables and matrices in the SEEAW (taken from UNSD (2012)).
Type of account
Flow accounts

Physical use and supply tables

Emission accounts

Hybrid and economic accounts

Description
Use table. It describes the water flows from the
environment to the economy through diversions or
abstractions, and how much water generated within the
economy is used for other economical activities.
Supply table. It describes the flows of water within the
economy system (i.e. among the different activities and/or
the households), and from the economy to the
environment in terms irrigation returns, wastewater
discharges, or losses of water through distribution
networks
It provides information on the amount of pollutants added
to wastewater which are discharged into the environment
They are a set of several tables which combine the
information from the physical use and supply tables and
and the monetary accounts directly related with the
abstraction, purification, distribution and the provision of
water, and the provision of sanitation and remediation
servicies on wastewater discharges.

Asset accounts
Produced assets

Water resources

Quality accounts

They covers all the items related with the production and
depreciation of fixed assets including the infraestructure
required to abstract, distribute, treat and discharge water.
Accounts for these assets are not explicitly dealt in
SEEAW.
A set of tables collect all the information regarding the
stock changes observed in the different water bodies or
environment water storages and, the exchanges of water
among them (i.e. the physical water balance of a system).
Similarly to the water resources accounts, but focusing on
the quality properties of the water flowing through the
economic-environment system.

A deep analysis of information required and methodologies available was made for each type of
table. The data requirements, methods and sources of data were summarized in the factsheets
presented in the following sections.
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III.2. Fact sheets PSUTs
III.2.1. Agriculture
# Agriculture

Description

Data

- Rainfed & Irrigated crop acreage (municipal-level), and Water Irrigation
Requirements by crops

Requirements

- Volume and origin of the water provided by W-supply (CHS) to irrigation
- Field-level distribution and stand-level application efficiencies
- Volume of reclaimed wastewater supplied by W-sanitation
- Soil Water: Satellite-based greenness (e.g. NDVI) & potential
evapotranspiration rates from agrometeorological stations.
Methods

- Estimation of Gross Irrigation Water Requirements (GIWR) from acreage
statistics and Irrigation Crop Water Requirement values, and Net Irrigation
Water Requirements using field distribution and stand application
efficiencies.
- Soil Water: A baseline actual evapotranspiration rate is computed for
rainfed agriculture using a Vegetation Index-Crop Coefficient parametric
approach and potential evapotranspiration rates. Volumes of green water
are finally computed at the sub-basin level using acreage statistics and
assuming constant and equal AET rates for rainfed and irrigated crops.

Sources
of data

Regional and municipal agricultural statistics (ESYRCE and regional
database); SRBMP (CHS, 2013); CHS and MAGRAMA spatial datasets

III.2.2. Industry
# Industry

Description

Data

- For industries connected to the water distribution network: Total of water
supplied at the municipal level by MCT, and origin of the water supplied
(relative contribution to the total of inflows from conventional (interbasin
aqueducts, inbasin surface and groundwater resources) and nonconventional sources (desalinization, reclaimed wastewaters)

Requirements

- For industries not-connected: Total of water used by industries (it is
assumed that these resources are abstracted from aquifers).
- Wastewater generation in: a) connected industries: rates of wastewater
generation per inhabitant, b) not-connected industries: 80% of the total
water usage.
Methods

Water usage by connected industry. Indirect approach as residual balance
among total of water provided by MCT, and water used by households

and services (hosteling and urban services).
- Water usage by not-connected industry: Raw data from the SRBMP.
Sources
of data

Spanish National Institute of Statistics (demography time series); Annual
provision by MCT of drinking water at the municipal level; Segura Water
Management Plan (CHS, 2013) and licenses of water usage granted to
not-connected industries

III.2.3. Energy
# Energy

Description

Data

- Annual statisticts of total energy produced at the regional level from
hydropower plants (HPP) and thermal power plants (TPP).

requirements

- Location of power plants and engineering properties (maximum power
installation, max. water flow, etc.)
- Ratios of power generation-water use efficiencies for HPPs, and fuel-oil
and gas TPPs.
Methods

Indirect method. Estimation of total production of energy per power-plant
and REWMU from year production statistics at regional level.

Sources

SIA; Regional statistics on energy production by energy-source; Industrial
activity annual reports; Scientific and technical literature

of data

III.2.4. W-Supply
# W-Supply

Description

Data

- Total inbasin and interbasin Tajo-Segura water inflows available at the
basin level and distributed to irrigation agriculture

Requirements

- Total inbasin and interbasin water resources distributed by MCT to
municipalities
- Relative contribution of different water sources to the total pull of water
- High-level conveyance efficiencies
Methods

Analysis and processing of raw data from technical reports and statistics
based on:
-

distribution of water provided to municipalties by MCT,

-

water inflows from the interbasin Tajo-Segura aqueduct,

-

production of desalinized seawater, and
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-

Sources
of data

use and abstractions of inbasin surface and groundwater
resources

SIA-España; Regional statistics on energy production by energy-source;
Industrial activity annual reports; Scientific and technical literature

III.2.5. W-Sanitation
# W-Sanitation

Description

Data

- Wastewater treatment plants, population coverage and total of water
treated (Reference period: 2007 – 2010)

Requirements

- Licenses of reclaimed water provided to other economic activities
(agriculture, industry or urban services) or returned to the environment
(seawater or river network)
Methods

- Annual relationship between volume of wastewater treatment and
equivalent population (municipal level)
- Estimation of volumes of water directly or indirectly used in other
economic activities, or discharged to the sea.

Sources
of data

ESAMUR’s and MCT’s databases; SRBMP; CHS’s data on licenses of
reclaimed waters

III.2.6. Services
# Services

Description

Data

- Number of available beds and water consumption ratios per bed
category (municipal level)

Requirements

- Number, location and size of golf courses
- % distribution of municipal use water to urban services
Methods

Analysis and processing of raw data at REWMU-level
Golf courses use reclaimed waters

Sources
of data

Regional statistics (Murcia and Alicante); Technical literature and reports;
SRBMP

III.2.7. Households
# Households

Description

Data

- Population dynamics (permanent and temporary)

Requirements

- Water consumption ratios by inhabitant
- Water inflows to municipalities from MCT and direct intakes from riversurface resources
- Water distribution network efficiencies

Methods

Analysis and processing of raw data at the municipal level from
demographic statistics and surveys for estimating temporary population.
Both databases are used for computing equivalent population and the
total of water used at the municipal according the ratios of water
consumption per inhabitant surveyed by the Segura Basin Authority.
Wastewater generation by households is estimated from the relationship
shown in Figure 11.

Sources
of data

Statistics on demographic data (permanent population) from INE; Surveys
of temporary residential population provided by regional statistical offices
(only data available for the Murcia’s one); Statistics and Technical Reports
from the Regional Agencies for Wastewater Treatment.

III.3. Fact sheets Hybrid Tables
III.3.1. Hybrid Supply Tables
# Agriculture

Description

Data

Monetary supply table. It describes in monetary units the origin of
products. This information is organized according to the 1993 SNA supply
table where products are shown in rows and the producers are presented
in columns.

Requirements

Output at basic prices by industries classified according ISIC Rev. 4;
Imports;
Other items to derive the total supply at purchasers’ prices, namely:
Taxes and subsidies on products;
Trade and transport margins. Trade and transport margins include trade
margins plus any transport charges paid separately by the purchasers in
taking delivery at the required time and place (para. 15.40, 1993 SNA). In
the case of water, transport margins are generally not separately invoiced
and trade margins are often insignificant. For these reasons, Table 5.1
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reports a zero value for trade and transport margins.
Physical supply table of water. It contains information on the volumes of
water supplied to other economic units (which corresponds to row 4 of
Table 3.3) and discharged (returns) into the environment (which
corresponds to row 5 of Table 3.3).
Methods

- Agriculture, forestry and fishing. Values were weighted by cropped area
in the Segura River Basin (SRB) with respect to national cropped area. In
general, farmers are not engaged in selling natural water or providing
wastewater disposal or sewer services.
- Extractive and manufacturing industry. Data required was obtained
weighting the total output of manufacturing supply from GDP by the ratio
of the total population in the SRB with respect to the population of Spain.
In general, industrial companies are not engaged in selling natural water
or providing wastewater disposal or sewer services.
-Electricity, gas, steam and air conditioning. Data required was obtained
weighting the total output of Electricity, gas, steam and air conditioning
supply from GDP by the ratio of the total population in the SRB with
respect to the population of Spain. For the specific case of hydropower
generation, it has been weighted total GDP by the production of total
electricity and water sources in SRB with respect to Spain.
-Water supply. Total output and supply values are obtained by considering
both, the amount of water supplied by household and industries from
physical data and the price paid for these users from INE (water supply
survey)
-Sewerage services. Total output and supply values are obtained by
considering both, the amount of water transferred by household and
industries to the Water sanitation sector from physical data and the price
paid for these users from INE (water supply survey).
- Waste management and remediation, construction and services. Data
required was obtained weighting the total output of Waste management
and remediation, construction and services from GDP by the ratio of the
total population in the SRB with respect to the population of Spain.
-Imports. The total value of imports was obtained by provinces in the SRB
using data from the “Foreign Trade Statistics of the Ministry of Economy
and Finance” (DataComex). In those provinces that are partly hold in the
SRB the population criterion were used for weighting. Imports values are
related to the imports from outside Spain to the SRB provinces.
-Natural water imports. It was estimated by multiplying the volumes
transferred from the Tajo River Basin (DHJ) the SRB through the TajoSegura Channel and the prices paid by users for the water transferred.

Sources

-Gross Domestic Product of Spain (GDP) indicator and its components. It
is provide by the National Statistics Institute (INE).

of data

-Statistics on demographic data (permanent population) from INE
-Imports by provinces from the “Foreign Trade Statistics of the Ministry of
Economy and Finance” (DataComex).
-Volumes transferred from the Tajo River Basin from Irrigator Central
Union of Tajo-Segura Aqueduct” (SCRATS)
-Prices paid by users for the water transferred from Irrigator Central Union
of Tajo-Segura Aqueduct” (SCRATS)

III.3.2. Hybrid Use Tables
# Agriculture

Description

Data

Monetary use table. It provides information on the destination (use) in
monetary units of products and, in particular, water-related products. The
use table shows products by rows and industries by columns as the
conventional 1993 SNA use table.

requirements

The uses of products in Table V.2 are described by column in terms of:
intermediate consumption, final consumption, exports and gross capital
formation. Each of these uses are described below.
Intermediate consumption refers to the value of the goods and services
consumed as inputs in production, excluding the using up of fixed assets,
which is recorded as consumption of fixed capital in value added.
Intermediate consumption is valued at purchaser’s prices.
In the SEEAW, final consumption is measured in Table V.2 in terms of
actual final consumption rather than in terms of expenditures which is the
common practice in the 1993 SNA.
Gross capital formation (GCF) is the total value of gross fixed capital
formation, changes in inventories and acquisitions less disposals of
valuables. It is included in Table 5.13 at the aggregated level for
consistency of presentation with the 1993 SNA tables to show the basic
identity that supply equals use. In Table 5.13, GCF of Natural water is
zero as it represents the use of this product for capital formation. Only in
the case in which water is stored over two accounting periods could the
value of GCF for natural water be non-zero. GCF for sewerage services is
not applicable.
Exports consist of sales of products from residents to non-resident units
Physical use table. It contains information on the volumes of water
abstracted from the environment (row 1 of Table 3.3) and received from
other economic units (row 2 of Table 3.3).
Methods

- Agriculture, forestry and fishing. Intermediate consumption has been
weighted by cropped area in the SRB, with respect to the national cropped
area. The consumption of this sector, obtained from the volumes
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consumed, has been calculated by multiplying the prices of intermediate
consumption from water physical tables and the water prices by users for
water source.
-Extractive and manufacturing industry. Data required was obtained
weighting the total intermediate consumption of Extractive and
manufacturing industry from GDP by the ratio of the total population in the
SRB with respect to the population of Spain. Intermediate consumption in
natural water and disposal services wastewater sewer has been obtained
through the volumes obtained in the physical tables and the price paid by
different users.
-Electricity, gas, steam and air conditioning. Data required was obtained
weighting the total intermediate consumption of Waste management and
remediation, construction and services from GDP by the ratio of the total
population in the SRB with respect to the population of Spain. For the
specific case of hydropower generation, the component of the GDP has
been weighted by the production of total electricity and water sources in
SRB, with respect to Spain.
-Water supply. The intermediate consumption vales has been estimated
by multiplying the normalized water cost estimated in the River Basin
Management Plan and the volume of water used from physical tables. The
water cost has been normalized using the energy and general price index
for groundwater and other water sources respectively.
-Sewerage services. The intermediate consumption vales has been
estimated by multiplying the normalized water treatment cost estimated in
the River Basin Management Plan and the volume of water treated from
physical tables. The water treatment cost has been normalized using the
general price index.
- Waste management and remediation, construction and services. Data
required was obtained weighting the total intermediate consumption for
Waste management and remediation, construction and services from
GDP by the ratio of the total population in the SRB with respect to the
population of Spain.
- Homes and Government. Data required was obtained weighting the total
intermediate consumption for Household and government from GDP by
the ratio of the total population in the SRB with respect to the population of
Spain.
-Gross capital formation. Data required was obtained weighting the total
gross capital formation from GDP by the ratio of the total population in the
SRB with respect to the population of Spain.
-Exports. The total value of exports was obtained by provinces from
DataComex. In those provinces where some of areas are out of the SRB
the population criterion is used for weighting. Exports values are related to
the export from the provinces in the SRB to outside Spain..

Sources
of data

-Gross Domestic Product of Spain (GDP) indicator and its components. It
is provide by the National Statistics Institute (INE).
-Statistics on demographic data (permanent population) from INE.
-Water price by users. These prices have been obtained by surveying
Irrigation Communities.
-Normalized water supply cost estimated in the River Basin Management
Plan.
-Normalized water treatment cost from the River Basin Management Plan.
-Exports by provinces from the “Foreign Trade Statistics of the Ministry of
Economy and Finance” (DataComex).

III.3.3. Hybrid Supply and Use Tables
# Agriculture

Description

Data

Table V.1 and Table V.2 can be presented together to form the hybrid
account for supply and use of water as presented in Table V.3. Table V.3
provides information by industry on the output produced, including waterrelated output, the intermediate consumption, including the costs of
purchasing water and sewerage services and value added. It forms the
basis for the calculation of a consistent set of hydrological-economic
indicators.

requirements

Table V.3 also presents information on gross fixed capital formation for
water-related infrastructure by industry, which represents investments in
fixed capital related to water (infrastructure). It also shows the closing
stocks of fixed assets for water supply and sanitation. The stocks of fixed
assets represent the total value of infrastructure in place, disaggregated
according to whether they relate to water supply or wastewater services.
Methods

- Gross fixed capital formation. The total fixed gross formation for the
whole of Spain is obtained and weighted by each productive sectors by
the population hold in the SRB, except for agriculture where cropped area
has been used instead.
Stocks at end of fixed assets for water supply and sanitation. The lack of
statistics related to this information, data available only allows to obtain an
approximate value for sectors 36 and 37, through the annual Balance
sheet of the major companies operating for these sectors in the SRB.
These are CHS and MCT for supply services and ESAMUR for sewerage
disposal.
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Sources
of data

-Gross Domestic Product of Spain (GDP) indicator and its components. It
is provide by the National Statistics Institute (INE).
-Year financial account tables of CHS
-Year financial account tables of MCT
-Year financial account tables of ESAMUR

III.3.4. Hybrid account table for water supply and sewerage for own use
# Agriculture

Description

Data

The accounts presented in this section explicitly identify the intermediate
costs and output of water-related activities when they are carried out for
own use by households and industries. To assess the contribution of
water-related activities to the economy, the costs of these activities need
to be separately identified. Hybrid accounts for own uses are compiled for
the following activities:

requirements

a) Water collection, treatment and supply (ISIC 36)
b) Sewerage (ISIC 37)
Methods

- Water supply for own use. Production costs are estimated for agriculture,
forestry and fisheries and the extractive and manufacturing industry. It is
assumed that the service sector and producers of categories 36 and 37 do
not extract natural water for its own use. Data required has been
estimated by multiplying the amount of water abstraction for own use,
obtained from the physical tables, and the normalized water supply cost
estimated in the River Basin Management Plan. In order to obtain total
intermediate consumption the ratio of total intermediate demand of water
supply producers of natural water and total intermediate consumption has
been applied to the value of total production costs, from input-output
tables. This relationship remains constant for all productive
sectors.Sewerage for own use. With the available data it has only been
able to obtain for the extractive and manufacturing industry using the
same methodology as in the case of water supply for own use. In this
case if it has been estimated gross fixed capital formation for sewerage for
own use through the survey of business expenditure on environmental
protection.

Sources

-Input-Output Tables. It is provide by the National Statistics Institute (INE).

of data

-Normalized water supply cost estimated in the River Basin Management
Plan.
-Normalized water treatment cost from the River Basin Management Plan.
-Survey of business expenditure on environmental protection. It is provide
by the National Statistics Institute (INE).

III.3.5. Government accounts on water-related collective consumption services
# Agriculture

Description

Data

Economic accounts for government expenditures on water-related
collective consumption services. The collective consumption services are
assumed to be produced and used by the government. The value of these
activities is equal to the costs of their production, namely the sum of
intermediate consumption, compensation of employees, consumption of
fixed capital and other taxes less subsidies on production. These accounts
could be further disaggregated for central, state and local government.

requirements

Methods

- Production costs of collective consumption services (wastewater
management, protection of soil and groundwater, and water supply) were
weighted by population in the cases where data provided by entities
whose territory is partly out of the SRB.

Sources

-Analysis of budgets and cost recovery for water services in Spain".. It is
provide by the Agriculture and Environment Ministry (MAGRAMA).

of data

III.3.6. National expenditure accounts for natural water and wastewater management
# Agriculture

Description

Data

The main components of the national expenditure for environmental
protection, described by row in the accounts presented in Table 5.6,
consist of the following:

requirements

Use of environmental protection (EP) services by resident units (except
Specialised producers). This is the sum of intermediate and final
consumption and capital formation. Intermediate consumption includes the
use of EP services for own use and EP services purchased by other
producers. Only in the case of soil remediation can the use of EP services
for capital formation (row 1.c of Table 5.6) be non-zero for oher producers.
This entry consists of improvement of land resulting from decontamination
of soil. It is not included in row 2 of Table 5.6 as it is a use of the output of
ISIC 39 by other producers and not an investment for production of EP
services or land acquisition, which are recorded in row 2 of Table 5.6. In
the case of Wastewater management, the use of EP services corresponds
to the use of Wastewater services (CPC 941 and CPC 91123) for
intermediate and final consumption by resident units (except by
Specialised producers – in this case ISIC 37). Capital formation is not
relevant for water and wastewater services thus it is not recorded under
this category.
Use of Adapted and Connected products for intermediate and final
consumption. In the case of Wastewater management, adapted products
include, for example, phosphate free washes and highly biodegradable
products. Connected products include, for example, septic tanks,
biological activators of septic tanks and services for collecting septic tanks
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sludge.
Gross capital formation for producing EP services. This item corresponds
to the investments made by EP producers for producing EP services. It
includes gross fixed capital formation and net acquisition of land. In the
case of Wastewater management, it corresponds to the gross capital
formation related to wastewater management activities: e.g. the
installation of sewage networks, treatment plants, etc. This corresponds to
the investments made by the producers of wastewater services for
collecting, treating and discharging wastewater.
Specific transfers received for EP. Specific transfers are unrequited
payments received by residents or non-resident units which contribute to
the financing of characteristics activities and uses of specific products or
constitute a compensation for income or losses related with environmental
protection (SERIEE14 § 2039, Eurostat, 1994). This item includes current
and capital transfers for EP. They are not the counterpart of the previous
items in the table in order to avoid the double counting. In the case of
Wastewater management, specific transfers consist, for example, of
subsidies to specialised producers of sewerage and treatment services
and also of transfers to the rest of the world in order to finance programs
of collective sewerage and treatment in other countries (international
public or private aid for development) (SERIEE § 4071).
Methods

- Information in the row 1 and 2 of Table 5.6 is derived from the hybrid
account for supply and use of water in Table 5.3, hybrid account for water
related activities for own use in Table 5.4 and government accounts on
water related collective services in Table 5.5. For example, the use of
Wastewater services by Other producers is the sum of the use of
Sewerage services from Table 5.3 and the value of the output of
Sewerage service for own use from Table 5.4.
The same procedure was followed with values of national expenditure for
the management and exploitation of natural waters.

Sources

-Hybrid Tables 5.3, 5.4 and 5.5

of data

III.3.7. Financing accounts
# Agriculture

Description

Data

Users of water-related products do not always bear the entire costs of
production. In the case of water, it is not uncommon for users to receive
transfers from other units (generally the government). These transfers
include subsidies on the production of water-related products, investment
grants and other transfers that are financed either from government
expenditure or from specific taxes. This tables collect the financing of
national expenditure by identifying the financing sector (e.g. which sector
is providing the financing) and the beneficiaries (e.g. which units benefit

requirements

from the financing), as well as the amount being financed.
Table 5.7 presents the financing accounts for Wastewater management to
show how the national expenditure for Wastewater management is
financed.
The columns show the categories of users/beneficiaries and the rows
show the different financing units (that is, those actually bearing the cost)
which are classified according to the institutional sectors of the national
accounts: general government, non-profit-institutions serving households,
corporations and households.

Methods

Information have been prepared in the absence of more data through the
values in Table V.6.

Sources

-Hybrid Tables 5.6

of data

III.4. Factsheets ASSET Table
III.4.1. Water resources
The surface water bodies comprise all water that flows over or is stored on the ground surface which includes in the
case of SRB:
- artificial reservoirs,
- lakes, and
- rivers and streams.

The stocks of surface water bodies and their changes during an accounting period include:
(i)
(ii)

(iii)

Opening and closing stocks,
Increases in stocks,
a. Returns:
b. Precipitation:
c. Inflows.
i. Inflows from other territories/countries. In the case of SRB, there are two
water transfer from others basins: TTS and and Negratin water transfers).
ii. From other water resources within the territory.
Decreases in stocks,
a. Abstraction
b. Evaporation/evapotranspiration and
c. Outflows.
i. to other water resources within the territory,
ii. to other territories/countries and
iii. to the sea/ocean.
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The groundwater bodies correspond to water which collects in porous layers of underground
formations known as aquifers. The stocks of groundwater bodies and their changes during an
accounting period include:
(i)
(ii)

(iii)

Opening and closing stocks,
Increases in stocks, which include those due to human activity (returns) and natural causes
by inflows. Inflows are disaggregated:
a. inflows from other territories/countries;
b. from other water resources within the territory.
Decreases in stocks, which include those due to human activity (abstraction) and natural
causes by outflows. Outflows are disaggregated according to the destination of the flow,
namely:
a. to other water resources within the territory,
b. to other territories/countries
c. to the sea/ocean.

The soil water consists of water suspended in the uppermost belt of soil, or in the zone of aeration
near the ground surface, that can be discharged into the atmosphere by evapotranspiration. The
stocks of soil water and their changes during an accounting period include:
(i)
(ii)

Opening and closing stocks,
Increases in stocks, which include those due to human activity (returns) and natural
causes, such as precipitation and inflows (from other water resources within the territory).

Decreases in stocks, which include those due to human activity (abstraction) and natural causes,
such as evaporation/evapotranspiration and outflows (represent the amount of water that flows out
of water resources (to other territories/countries).
The accounting is being made for each REWMU in which the basin was disaggregated. The
following tables present the data requirements, methods and sources of data considered.

III.4.2. Increases in stocks

Data
Requirements

ASSET Table
Return
Volume returned from the economy into surface and groundwater.
The returns are disaggregated in irrigation water, treated and untreated wastewater, and
desalinated water.

Source
of
Data

Methods

The links with physical supply and use tables are assessed.
The breakdown of returns in surface water and groundwater (and soil moisture), are based on
reports and data provided by River Basin Management Plan.
Reports and studies from Basin Authority, including times series (irrigation water, treated and
untreated wastewater, and desalinated water). Also, PSUTs tables will be a source of data.

Source of data

Methods

Data
Requirements

ASSET Table
Precipitation
Breakdown of precipitation in surface water bodies (reservoirs, lakes and rivers), and soil
moisture.

Applying GIS techniques a mask was obtained for each category. In the case of reservoirs,
lakes and rivers, the cartographic data provided by CHS was considered. In the case of soil
moisture, the mask was mainly defined from SIOSE (Land Cover Information System). In the
case of rivers, a previous codification of the network was needed.
A GIS-embedded algorithm was developed for operational estimation of the rainfall breakdown,
considering a water balance for each REWMU.
Datasets Spain 02(Herrera et al., 2010).
Times series from of meteorological networks data, from AEMET, IMIDA and CHS.
GIS layers (masks) of rivers, artificial reservoirs, lakes, and soil uses map.

Methods

Data
Requirements

ASSET Table
Inflows
The inflows are disaggregated according to their origin:
(a) inflows from other territories, and
(b) from other water resources within the territory:
As for example, infiltration from rainfall is considered inflow to GW. In the case of inflows to
river, these are estimated in base of network topology, and water cycle (depending on the
variable). Stream gauges and functional relationships, are required for each REWMU.
Topological schemes (for each REWMU) of hydrological-hydraulic system (from the point of
view of channel network, reservoirs, lakes, and water cycle), are developed. In base a deep
analysis of the hydrological sub-systems, functional relationships were defined. For operational
assessment, specific algorithms were developed below a GIS considering the relational
databases

Source of data

Cartographic maps (channel network, GW bodies) and location of reservoirs (and lakes) and
stream gauges.
Thematic maps. Relational database of hydrological time series (runoff, water table levels,
water springs discharges, reservoirs existences, etc.).
Soil moisture data from Soil Moisture CCI project. Soil Moisture CCI project part of the ESA
Programme on Global Monitoring of Essential Climate Variables (ECV), better known as the
Climate Change Initiative (CCI).
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III.4.3. Decreases in stocks

Data
Requirements

ASSET Table
Abstractions
Volume returned from the economy into surface and groundwater.
The abstractions are disaggregated in irrigation water, treated and untreated wastewater, and
desalinated water.

Source of
Data

Methods

The links with physical supply and use tables are assessed.
The breakdown of abstractions in surface water and groundwater are based on reports and
data provided by River Basin Management Plan.
The abstraction from soil water for rain-fed agriculture is assessed in base actual
evapotranspiration.
Reports and studies from Basin Authority, including times series (irrigation water, treated and
untreated wastewater, and desalinated water). Also, PSUTs tables will be a source of data.

Methods

Data
Requirements

ASSET Table
Evaporation /Actual evapotranspiration
Breakdown of evaporation from surface water bodies (reservoirs, lakes and rivers), and
evapotranspiration from soil moisture.

Spatially-distributed satellite-based estimates of actual evapotranspiration (AET) were
computed at the basin scale to quantify the water consumption of native vegetation and crops
in the SRB. AET was estimated using a validated procedure based on meteorological data and
MODIS-TERRA satellite imagery dataset (250mx250m). The Deliverable B.1 presents the
details of estimation.
The evaporation is assessed considering the data provided by evaporation tanks (CHS
dataset).

Source of data

Datasets Spain 02 (Herrera et al., 2010).
Times series from of meteorological and agro-meteorological networks data, from AEMET,
IMIDA and CHS.
GIS layers (masks) of rivers, artificial reservoirs, lakes, and soil uses map.
Remote sensing images from MODIS.

Methods

Data
requirements

ASSET Table
Outflows
The stocks of outflows:
To downstream territories,
To the sea, and
To other resources in the territory.
Topological schemes (for each REWMU) of hydrological-hydraulic system (from the point of
view of channel network, reservoirs, lakes, and water cycle), are developed. In base a deep
analysis of the hydrological sub-systems, functional relationships were defined. For operational
assessment, specific algorithms were developed below a GIS considering the relational
databases

Source of data

Cartographic maps (channel network, GW bodies) and location of reservoirs (and lakes) and
stream gauges.
Thematic maps. Relational database of hydrological time series (runoff, water table levels,
water springs discharges, reservoirs existences, etc.).
Soil moisture data from Soil Moisture CCI project. Soil Moisture CCI project part of the ESA
Programme on Global Monitoring of Essential Climate Variables (ECV), better known as the
Climate Change Initiative (CCI).
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IV

DATA IMPLEMENTATION IN SEEAW

IV.1. Development of Physical Use and Supply Tables (PSUTs)
The PSUTs tables (96) generated in the frame of the ASSET project for the SRB, gather the most
relevant data collected and processed at the basin and sub-basin level. Average figures at the
basin scale for the 2000-2010 period and figures for the 2010 (reference year selected for
harmonizing results against official data) are presented in Appendix. Physical Supply and Use
Table. Specific results from the Segura River PSUTs are briefly summarized regarding two
perspectives:



Identifying most water usages patterns and users within the system, and
Analyzing the water consumption actually detracted from the system and the degree of
water reuse observed.

Main water fluxes between the inland water and the economy system, and among the different
groups of activity are shown in Fig. IV.1, using a Sankey diagram. These types of diagrams put a
visual emphasis on the major transfers or flows within a system being very helpful in locating the
dominant and individual contributions of each water flow to the total of the basin. In this overall
picture for the SRB, both industry and energy, and services and household sectors were integrated
in order to simplify the arrangement of the outputs.
In the diagram-scheme proposed, environmental compartments and groups of activity in the
economy are represented by blue and orange boxes, respectively. Use fluxes are represented by
arrows arriving to the left edge of each box, while supply fluxes leave from the right (interflows
inside the economy system) or from the bottom (flows returning to the environment as leakage
losses or direct discharges). Grey arrows represent wastewater flows generated by the
consumptive activities, while red ones are the reclaimed waters that W-Sanitation sector returns to
the economy. Finally, dark blue fluxes represent water directly abstracted from the environment,
while turquoise fluxes are return flows from the economy to the environment.

Figure IV.1. Sankey diagram of water fluxes in the Segura River Basin (average values for the 2000-2010 period). All figures in hm3/year.

35

Agriculture is by far the consumptive sector which most water used in the basin along the study
period, reaching in average 1036 hm3/year (86 % of the total water used in the basin) (Table IV.1).
If green water is included in the accountability, total water usage by agriculture increased up to
2205 hm3/year (previous Fig. IV.1). Green water or the soil moisture taken by agriculture provided
with 48 % of the total water usage accounted by the agriculture sector, while in-basin renewable
surface and groundwater resources allocated 537 hm3/year (27 %). External resources from
Tagus-Segura water transfer and non-conventional resources provided with 196 hm3/year (10 %)
and 67 hm3/year (3 %), respectively. The remaining up to reach the total water use, i.e. 236
hm3/year (12 % of the total) corresponds to non-renewable resources abstracted from aquifers.

Table IV.1. Volume of water used by consumptive activities in the SRB (average values for the 20002010 period). Value of water used by agriculture does not include the soil water term.

Consumptive group of activity

Use
(hm3/year)

% over the total

Agriculture

1036

86.1

Industry

52

4.3

Services

9

0.8

Households

106

8.8

Total

1203

100.0

The interannual dynamics of the water usage by agriculture showed a negative trend along the
study period (Fig. IV.2). The reduction of water requirements by agriculture in the 2000-2010 was
driven by the loss of agriculture lands in the region, mainly citrus and fruit trees in the Segura
alluvial plain (Vega) (Fig. IV.3). Since 2000, the total of blue water used in agriculture in the SRB
decreased slightly year by year up to reach 1346 hm3 in 2010, with a total blue water consumption
of 1035 hm3 (Fig. IV.2). By REWMUs, agriculture in the Segura alluvial plain (Vega) used the
largest volume of water in the basin, followed by far by the agrosystems at the Guadalentín valley,
the South-Coast, the Campo Cartagena and the North-West spatial units. Total losses of water
due to on-farm leakages along the secondary-tertiary distribution networks reached 288 hm3/year
in all the basin, being in the Vega spatial unit where leakages reached the largest values with 168
hm3/year (25 % of the total water used), followed by the Guadalentin valley with 29 hm3/year (17 %
of the total of water used) (Fig. IV.4).

Figure IV.2. Evolution of water usage in the Segura River Basin by consumptive activities in the
2000-2010 period.

Figure IV.3. Total irrigated acreage in the seven REWMUs of the Segura River Basin during the 20002010 period.

37

Figure IV.4. Average values (2000-2010) of water used in agriculture and losses of water due to
leakages. Blue water (blue tones) comprises water from conventional resources (conv., surface
water and groundwater), non-conventional (no conv., desalinized seawater and reclaimed
wastewater) and the interbasin aqueducts (tts). Percentages refer to the total of water lost by
leakages against the total of water used from conv. and non-conv. sources.

The usage of water by households accounted in average 106 hm3/year in the 2000-2010 period,
i.e. 8.8 % of the total consumptive usage, from which 47.4 hm3/year were finally derived as
wastewaters to treatment plants. Finally, the industry and service sectors used 52 and 9 hm3/year,
with a percentage of consumption of 56 % and 68 %, respectively.
Despite to use a high volume of water, the energy industry makes a primary non consumptive use
of the water taken from the inland water system for hydroelectric power generation (1234
hm3/year), or from the sea for refrigeration purposes (116 hm3/year). In both cases, water used by
both activities was almost totally returned to the environment being the consumption rate
negligible.

IV.2. Development of Hybrid Tables
Nine Hybrid Tables per year have been developed in ASSET project for the period 2000-2010,
resulting in a total of 90 tables. An example year is presented in Appendix. Hybrid Use and Supply
Tables, and the complete set of Hybrid tables is presented in the Annex. The specific results from
the Segura River Hybrid tables are briefly summarized regarding the Output generated by water
supply, and the intermediate consumption associated with water use.
The Hybrid supply table shows the total output by industries, and the output related to the services
of natural water and sewerage services. In the SRB, Industries do not produce outcome

associated to water services except Water collection, purification and distribution of water (ISIC
36) and Sewage disposal industries (ISIC 37). The outcome associated to these Industries is, on
average, 0.22 €/m3 and 0.54 €/m3 for 36 and 37 respectively (Fig. IV.5). Also, outcome from these
services shows the highest values in drought years (2005-2008). It is also worth to note that the
SRB has an income associated with water import from the Tagus-Segura water transfer.

€/m3

1
0.5
0
2000

2001

2002

2003

2004

2005

2006

W‐Supply 36

2007

2008

2009

2010

W‐Sanitation 37

Figure IV.5. Output by water supplied.

The Hybrid use table shows the total intermediate consumption by industries, and the value of the
goods and services consumed as inputs in production, excluding the using up of fixed assets
associated to the services of natural water and sewerage services. In the SRB Industries, most of
the consumption is associated to Industry and Services, representing the Agriculture less than 5 %
of the total intermediate consumption. Fig. IV.6 shows the total intermediate consumption with
regard to the water used by industries. However, the intermediate consumption associated to the
use of water shows that around three quarters of the water consumption are associated with
agriculture due to this sector is the one that use most of the SRB water resources.
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When the hybrid supply table is analyzed from the actual final consumption, households are
expending around half of industries and the government one quart of the industries. Thus, when
capital formation is considered the consumption of industries and final consumer is balanced.
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Figure IV.6. Total intermediate consumption by water used.
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Hybrid account table for supply and use of water provide additional information related with the
Total value added that can be analyzed by water used (Fig. IV.7). This Figure shows that Services
and Industry are generating the most value added by cubic meter, 2253 €/m3 and 188 €/m3
respectively. The energy sector provide an average added value of 0.47 €/m3 and agriculture 0.24
€/m3. However, the value added generated by Water Supply and Water Sanitation industries is
really small or negative due to these services are provided by public or public-private companies
that in many cases are subsided due to the positively externalities generate.

Figure IV.71. Total Value Added by water used.

The collective consumption services, assumed to be produced and used by the government, are
focused in the SRB on Water supply since most of them are related with the Confederación
Hidrográfica del Segura (CHS) and the Mancomunidad de Canales del Taibilla (MCT). However,
there are some other public-private companies in charge of specific supply and wastewater
management activities that are not included in this project due to there is no specific accounting
information available. Therefore, from 2000 to 2008, the average government cost associated with
water supply is 322 M€/year, while the value for wastewater management is 7 M€/year. The
environmental protection cost reach 5 M€/year but there are only records available since 2005
(Fig. IV.8).
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Figure IV.8. Government expenditures on water-related collective consumption services.

A Water Productivity Index (WP) for economy has been estimated according to (ONU, 2012) in
order to analyze the Gross Domestic Product generated by water consumed as follows:

where:
E = abstraction of water
G = water received from other economic units
F = water supplied to other economic units
H = returns of water to the environment by economic units
GDP = gross domestic product

Fig. IV.9 presents the WPI for economy in the SRB for the period 2000-2010. This indicator show a
growing trend from 2001 reaching the peak in 2008, the last year of a four year drought period,
where the productivity rate increase respect to the normal rainfall years.
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Figure IV.9. Economy Water Productivity Index (WPI) in SRB.

The WP Index along the time show a negative relationship with the amount of water transferred
from the Tagus-Segura, an important water source in the SRB (Fig. IV.10). This relationship show
that lower water transfer drives higher WPI Index that could be explained by the high productivity
of the Industrial and Services sectors, scarcely dependent of the water transferred from the Tagus
River since this basin has law allocation priority.
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Figure IV.10. Economy water productivity index in SRB and TS Water Transfer.

Sector-level Water Productivity has been also estimated by sectors according to (ONU, 2012) in
order to analyze then value added generated by water consumed as follows:

where:
E = abstraction of water

G = water received from other economic units
F = water supplied to other economic units
H = returns of water to the environment by economic units
VA = Value Added

The average WP of Services is 3507 €/m3 and it has been growing along the time till the drought
period where the water use efficiency increased significantly (Fig. IV.11). The WP of Industry
sector was around 200 €/m3 along 2000-2006 but in 2006, the WP started growing continuously
until the 4557 €/m3 reached in 2010. The WP of the Energy sector has been growing continuously
and uniformly along the study period having an average value of 441 €/m3. The Agricultural sector,
the one most dependent of water used, showed an inverse path than the others industrial sectors
since the WP of the agriculture has decreased along the time reaching the lowest values in the
drought period. The WP value in this sector presents an average 0.26 €/m3. The water Supply and
water sanitation sectors did not show any WP due to these sectors supply all the water used and
therefore have a null consumption.
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Figure IV.11. Water productivity index per sector in SRB.

Due to the Agricultural sector is the most water available dependent, as it was suggested below, a
specific analysis of the WP of this sector and the water transferred from the Tagus River has been
carried out. Fig. IV.12 shows the strong and positive dependence of the WP with regard to the
water transferred. However, even though it is not showed here, the other Industrial sectors showed
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a negative relationship with a lower variability explained suggesting that, except agriculture,
industrial sectors do not have a strong dependence of water transferred from the Tagus River.

WP (€/m3)

0.4000
0.3000
0.2000

y = ‐5E‐07x2 + 0.0009x + 0.0109
R² = 0.6541

0.1000
0.0000
200

250

300

350

400

450

500

550

600

650

TS Water Transfer (hm3)

Figure IV.12. Agricultural Water productivity index for SRB and TS Water Transfer.

IV.3. Development of ASSET Tables
The Water asset accounts (hereinafter ASSET tables) describe the stocks of water resources and
their changes during an accounting period (SEEA-Water, 2013). Fig. IV.13 presents a scheme of
the methodology for asset account, in particular:
a. Opening and closing stocks, at the beginning and end of the period;
b. Increases in stocks, which include those due to human activity (returns) and natural causes
(inflows and rainfall); and
c. Decreases in stocks, which include those due to human activity (abstractions) and natural
causes (evaporation/evapotranspiration and outflows).
The variation in stocks was addressed by different approaches. SRB presents a high percentage
of influenced hydrological regime, due to dams, irrigation and water distribution channels,
groundwater exploitation, etc. For this reason, the stock variations were based on the hydrological
monitoring networks (e.g. stream gauges and volume measured in reservoirs).
Spatial information (raster maps) were also considered for assessing variations in stocks due to
natural processes, e.g. the case of rainfall and actual evapotranspiration. These spatial
distributions were obtained from different sources (agro-meteorological stations, remote sensing,
and other networks).
A model data was designed, and the selected information were imported to the database. The
spatial dataset was processed below GRASS GIS.

Figure IV.13. Schematic representation of methodological approach.

The methodology for completing the ASSET tables was divided in the following steps:
(i)

Identification of key elements of the water resources system for each REWMU.
Considering the hydrological monitoring systems of SRB, the variables and functional
relationships were identified. Therefore, topological models were designed for each
REWMU.
Definition of functional relationships and methodologies for assessing each component of
ASSET tables of each REWMU. Depending on the type of information:
a.
From alphanumeric information. Specific queries to the database were developed
for assessing some inputs of ASSET tables. In some cases, functional relationships
and algorithms were developed, from the topological schemes of each REWMU.
b.
From raster information. Spatial queries were defined in the case of meteorological
variables such as precipitation and evapotranspiration. The average values were
obtained by maps algebra (rivers, artificial reservoirs, etc,) at REWMU level.

(ii)

IV.3.1. Identification of Water Resources System at REWMU level
For modeling the SRB exploitation systems, several hydrological networks were considered (Fig.
IV.14 and Table IV.2):




Official network of stream gauges (ROEA) and SAIH system (Automatic Hydrological
Information System)
SRB networks of reservoirs (data from manual and SAIH networks).
SRB networks of stations in distribution and irrigation channel (data from manual and SAIH
networks).
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STREAM GAUGES

SAIH network

Figure IV.14. Hydrological monitoring networks in the Segura River Basin.

Table IV.2. Information from Water Basin Authority (CHS)

Elements

Network measurement stations

Variable

Artificial reservoir

Manual and SAIH network

Storage (volume)
Inflows (volume)
Outflows (volume)
Evaporation (volume)

River

Stream gauging
SAIH network

Distribution and
irrigation channels

Runoff (volume)
Runoff (volume)

Stream gauging

Runoff (volume)

SAIH network

Runoff (volume)

The relationships between the gauges stations (variables) are defined from the topological
schemes designed for each REWMU. As an example, Fig.IV.15 presents the topological scheme
designed from the SAIH network for REWMU I.

SRB SAIH
network

I

Gaugi

Figure IV.15. Example of topological scheme.

IV.3.2. Assessing inputs to ASSET tables at REWMU level
An automatic algorithm for completing the ASSET tables has been developed. R software was
applied. The flowchart of this algorithm is presented in the Apendix xxx. The relationships involved
were defined from the topological schemes, for each REWMU. Fig. IV.16 represents the groups of
rows from ASSET tables in function of the data sources.
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Figure IV.16. Groups of ASSET tables rows in function of data sources.

Estimating stocks
In the case of artificial reservoir stock, the data provided by SRB networks were considered to
evaluate the storage at the beginning and end of the period (31 of Dec). The reservoir storage data
represents the most accurate information of all kind of resources storages. Artificial reservoirs for
irrigation have not been considered, due to the uncertainties involved in the estimation of volume
at monthly scale.
The rainfall-runoff model named SIMPA (Alvarez et al., 2005) is a well accepted hydrological
model in Spain. SIMPA is based on hydrological model Témez (1977), presenting spatial results of
runoff, actual evapotranspiration, soil moisture and groundwater at monthly scale. However,
despite the extensive use of the model by main water authority agencies, the model results were
not considered for the following reasons: - the results are at natural regime not suitable for
influenced hydrological regime, and – the groundwater, soil moisture and actual evapotranspiration
(AET) present important uncertainties. The spatial distributions of AET, simulated by Témez
model, were contrasted with the AET retrieved from remote sensing, with non-satisfactory results.
Therefore, the AET retrieved from remote sensing, was considered as input to ASSET tables.
In the case of SRB, the groundwater stocks (and soil moisture) present a high level of uncertainty.
Recent studies based on remote sensing can provide more information about soil moisture. In the

case of groundwater, improvements in the monitoring networks and specific studies are needed. In
both cases, the stocks were not estimated.
Precipitation and Actual evapotranspiration
Then, “Precipitation” and “Actual evapotranspiration”” (rows 3 and 6 in Fig. IV.16) are estimated by
maps algebra below GRASS GIS, considering the several masks previously defined for rivers,
artificial reservoirs, etc. A script was developed under an improved version of SORPRESA Toolbox
(Garcia et al. 2007). SORPRESA was codified with Tcl/Tk, below GRASS GIS (Geographical
Resources Analysis Support System). A scheme of methodology is presented in Fig.IV.17.

Figure IV.17. Tasks in the assessment of mean areal variable for each asset.

The procedure followed to generate the masks for each asset is summarized (Fig. IV.18):
Rivers. The channel network, vector map provided by the water authority agency, is categorized by
an order, and then a representative width is assigned to each order. Then the vector format is
converted to raster format (cell size 25x25 meters).
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Permeable zones. The SIOSE (Information System of Soil Occupation of Spain) is considered to
define the land cover categories in the basin. The impermeable areas (artificial surfaces, rocks,
etc.) were removed, and the resulting map was converted to raster format (cell size of 10 m).

Figure IV.18. Masks defined for assessing mean bio-physical variables.

Precipitation and temperatures maps
The meteorological observed data correspond to Spain02 dataset (Herrera et al., 2010), for the
time period 1950-2008, at daily scale. The gridded data (daily rainfall, maximum and minimum
temperatures) presents a spatial resolution of 0.2 ° (~ 20 * 20 km). The dataset was extended by
the time period 2008-2010, by interpolating rainfall and temperature (using ordinary Kriging), from
different data sources: - agro-meteorological stations in the municipal regions; - automatic System
Hydrological Information stations, and - stations of meteorological agency (AEMET). The Fig. IV.19
presents the spatial distribution of meteorological data (rain gauges and temperature stations), and
the resulted maps of the interpolation process.

Meteorological
Stations

Max. Temperature

ºC

Min. Temperature

Mean Temperature

ºC

ºC

Rainfall
mm

Figure IV.19. Meteorological networks and resulting maps (Date: Dec/2010).
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Actual evapotranspiration and evaporation
The actual evapotranspiration (ETa) is a key input to water balances, and sometimes a source of
uncertainty. Assessing ETa from satellite images (MODIS data with spatial distribution of 250m by
250m) provides spatial-temporal distributions. The ground truth validation with eddy covariance,
demonstrates the reduction of uncertainties involved. Fig. IV.20 represents the details of
estimation (to be presented in the next section).

Figure IV.20. Approach applied for remote sensing ETa retrieval, and ground truth validation.

On other hand, the evaporation data is based on evaporation tanks network (from CHS dataset).
This network offers daily evaporation from reservoirs, and therefore the evaporation volume could
be estimated. Fig. IV.23 presents an example of time evolution monthly of the precipitation and
evapotranspiration for the REWMU II

Figure IV.21. Monthly evolution of rainfall and ETa for REWMU II.

Abstractions and Returns
The flows from the environment to the economy (abstractions), as well as the flows from the
economy to the environment (returns), are evaluated from PSUTs tables (rows 2 and 5 from
previous Fig. IV.16)
Inflows and Outflows between territories and sea
The “Inflows” (4.a) and “Outflows” (7.a/7.b, see Fig. IV.16) to each REWMU, were estimated in
considering downstream and upstream REWMUs. The flows were defined from the topological
scheme of hydrological-hydraulic system. For example, REWMU IV receives inflow from REWMUs
I, II, III, and V, and provides outflows to REWMU VII and to the Sea. Another example, REWMU VI
is receiving inflows from REWMU III (from the interbasin water transfer) and flows out only to the
Sea. Fig. IV.22 represents the sequence of flows between the seven REWMUs.
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Figure IV.22. Sequence of flows between REWMUs.

Inflows and Outflows exchanges among Resources
From ASSET tables, row “Inflows” (4.b) and “Outflows” (7.c, Fig. IV.16) represent the exchanges
between resources. These inputs are difficult to assess due to lack of monitoring networks of the
relations between surface and groundwater resources. There are some specific studies in the
basin, however a more deeply analysis is necessary.
Changes in Volume and other inputs
The “Changes in Volume” (row 8, from previous Fig. IV.16) is completed with volumes of water
transfer to other basin. The row “Increases” and “Decreases”, “Inflows” and “Outflows”
(represented in gray, Fig. IV.16) from ASSET table, represent cells no evaluated by definition.
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Innovative procedures for Data Collection and Integration
V

ACTUAL EVAPOTRANSPIRATION ASSESMENT FROM REMOTE SENSING

V.1. Methodology
Actual evapotranspiration (ETa) is one of the main inputs to water cycle balance and in this case to
ASSET tables of SEEAW framework. From spatio-temporal distributions of ETa, the assessment of
actual crop water consumption with sufficient spatial detail will be addressed.
The calibration of innovative methodologies for remote sensing retrieval of ETa is a step in this
way. In the present work a methodology for ETa retrieval from MODIS satellite images, for a period
of 10 years at monthly scale, is presented. The approach of Allen et al. (2005), used for censing
planted fields within a district to estimate consumptive use, is considered,

ETa = Kc  ETo

(V.1)

where Kc is the crop coefficient, and ETo the reference crop evapotranspiration estimated from
meteorological data. The Kc is derived from experimental data for each crop, and relates ETa to
local meteorological conditions and ETo .
But the crop coefficient methods tend to overestimate crop consumptive use, because they are
typically derived for optimal conditions in lysimeters. In that case, the actual field crops are subject
to nutrient limitations and periodic water stress between irrigations (Nagler et al., 2013). Also,
neither of these approaches is easily adapted to natural vegetation, for which crop coefficients
might be variable or unknown.
In this work a method based on vegetation index ( VI ), that combines the estimates of green
foliage density with meteorological data for assessing evaporation from transpiring vegetation ( Eveg
), was applied. From Eq. (V.1), the VI - ETo method substitute the vegetation index by Kc then ETa
is estimated as follows,

E veg = a  ETo VI n

(V.2)

where a is a coefficient determined by regressing measured Eveg against a VI, and n is an exponent
relating Eveg to VI (Nagler et al., 2004).
Several authors (Gonzalez-Dugo et al., 2009) found similar levels of accuracy for Surface Energy
Balance (SEB) and VI - ETo methods compared to eddy covariance data in a mixed-crop of an
agricultural district in Iowa. Subsequently, the method was adapted to water-use monitoring in an
irrigation district in Spain (Gonzalez-Dugo et al., 2013).

According the algorithm proposed by Nagler et al. (2005) and Guerschman et al. (2009), the
monthly-averaged ETa (mm day–1) can be formulated as,



ETa = ETo a  (1  e ( bEVI ) )  c



(V.3)

where a, b and c are fitting coefficients and (1  e(bEVI) ) is derived from the Beer-Lambert Law
modified to predict absorption of light by a canopy (Nagler et al., 2004).
The Leaf Area Index (LAI) normally replaces n (from Equation (2)) in the Beer-Lambert equation as
an estimate of density of light an absorbing particles. In the present work EVI replaces LAI,
assuming a linear relationship between Enhanced Vegetation Index (EVI) and LAI (LAI values from
0 to 4).
The EVI minimizes canopy background variations, and maintains sensitivity over dense vegetation
conditions. The EVI also uses the blue band to remove residual atmosphere contamination caused
by smoke and sub-pixel thin cloud. EVI is calculated from band reflectance values as,
EVI 

G   NIR   RED 
 NIR  C1   RED  C 2   BLUE  L

(V.4)

where  NIR ,  RED ,  BLUE are the blue, red, and near-infrared reflectances, the coefficient L=1
accounts for canopy background scattering and the blue and red coefficients, C1 =6 and C 2 =7.5,
minimize residual aerosol variations.
The coefficients a, b and c, proposed by Nagler et al. (2013), are determined by regression
analyses from ETa ground data. The final equation of best fit was:





ETa = ETo 1.65  (1  e( 2.25EVI ) )  0.169

(V.5)

The ETo can be estimated by a wide range of methods that vary in data requirements. The FAO-56
version of the Penman- Monteith (PM) method was established as a standard for calculating ETo
(Allen et al., 1998) because of its relatively accurate and consistent performance in both arid and
humid climates. However, it is a physically based method that requires data for a large number of
meteorological variables which are not often all available. Furthermore, determining long-term
series of ETo from historical data presents a major drawback: the lack of reliable records for long
periods due to the progressive changes in measuring devices and sitting of weather stations
throughout the 20th century (Maestre et al., 2013). In addition, applying the PM method is even
more limited since weather stations with the required data for long periods are still very scarce.
The international standardization of the PM method has promoted the implementation of new agro
meteorological networks, consisting of modern automatic weather stations specifically equipped for
applying this method. However, the networks were mainly located in irrigation districts and far from
the site of the old ordinary weather stations. Therefore, it is not possible to relate the historical
records of the old ordinary stations with the new readings at the specifically equipped stations.
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Given the difficulty of applying the PM method for calculating long-term ETo series in the SRB
(similar to other Spanish and worldwide regions), other alternative low data demanding methods
must be used. The Hargreaves equation (Hargreaves & Samani, 1985) is an appealing method for
estimating ETo at meteorological stations when ordinary weather data are available. This method
only requires air temperature. It is one of the most popular temperature-based methods that
provides reasonable ETo estimates with a global validity (Allen et al., 1998).
The Hargreaves (HG) equation requires only maximum and minimum air temperature, as well as
extraterrestrial radiation. The monthly-averaged ETo (mm day–1) was calculated using the following
equation (Hargreaves, 1994),

ETo  C  Ra Tmax  Tmin 0.5 T  17.8

(V.6)

where C refers to the HG coefficient, which value is 0.00285 according to a version of HG adjusted
to SRB (Maestre et al., 2013); Ra is the water equivalent of the monthly-averaged daily
extraterrestrial radiation (mm day–1), calculated according to Allen et al. (1998); Tmax and Tmin are
the monthly-averaged maximum and minimum values of daily air temperature (°C); and T is the
monthly averaged daily temperature, calculated as the average of Tmax and Tmin .

V.2. Materials
V.2.1. Remote sensing data
The EO-satellite data used in the study correspond to MODIS sensor (NASA Terra platform), for
2000-2010 time periods. Specifically, the Gridded Vegetation Indices NDVI & EVI images (MOD 13
Q1 products, http://modis.gsfc.nasa.gov/) were used. These images are provided every 16 days at
250-meter spatial resolution, as a gridded level-3 product sinusoidal projection.
Global MODIS vegetation indices are designed to provide consistent spatial and temporal
comparisons of vegetation conditions. The blue, red, and near-infrared reflectances used to
determine the MODIS daily vegetation indices are centered at 469-nanometers, 645-nanometers,
and 858-nanometers, respectively. The MODIS EVI product is computed from atmospherically
corrected bi-directional surface reflectances that have been masked for water, clouds, heavy
aerosols, and cloud shadows.

V.2.2. Ground data
The validation of the vegetation index method was based on “ground truth”. It was carried out by
contrasting the estimated values to ground data fluxes of latent heat flux, provided by eddycovariance tower flux installed in July 2009 in two commercial citrus groves of the irrigation district
of Campo de Cartagena (CRCC, Comunidad de Regantes del Campo de Cartagena).
The air temperature data is obtained from several sources:



Observed meteorological dataset: Spain 02 (Herrera et al., 2010) for time period 20002007 with spatial resolution 20 x20 km (interpolated by Natural Neighbour method to spatial
resolution 250 x 250 m).
Observed daily air temperature data for period 2008-2013 from automatic weather stations
of agro meteorological networks and ordinary stations networks (e.g. automatic
hydrological information system or SAIH system, stream gauges and meteorological
datasets), interpolated by Kriging method (model spherical) whit a spatial resolution 250 x
250 m.



V.3. Results
The spatial distribution of ETo and ETa were obtained for the Segura River basin. As an example,
Fig. V.1 presents the spatial distributions of EVI and IV for the month January 2009. Then, the
corresponding spatial distributions of monthly-averaged ETo and ETa for the same month,
presented (Fig.V.2).





Figure V.1. Spatial distribution maps for SRB: (a) EVI, and IV (b). Date: January/2009.
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(b)

(a)

Figure V.2. Spatial distribution of monthly-averaged (mm day–1) evapotranspiration: (a)

ETo , and (b)

ETa . Date: January/2009.
Considering the “ground thruth”, an analysis of errors was addressed. Table V.1 presents the
statistical parameters considered for quantification the precision of ETa assessment from MODIS
data: the absolute error (MAE), absolute percentage error (MAPE), and mean square error
(RMSE). The mean values of the statistical parameters calculated (RMSE 3.94 mm day–1, MAE
1.76 mm day–1 and MAPE 33 %) are demonstrating a good accuracy in the ETa retrieval from
remote sensing.
Several authors (Kalma et al., 2008) reviewed methods to estimate evaporation from remotely
sensed data, and to validate with ground based flux measurement. An assessment of more than
30 published validations, demonstrates relative errors of 15-30 %. Therefore, the results obtained
from the methodology applied in this study, are considered satisfactory.

Table V.1. Comparison of estimated ETa and observed ETa (flux-tower).

ETa
Month

Estimated ETa
Ground Data

MAE

MAPE

RCME

(mm day–1)

(%)

(mm day–1)

aug-09

7.19

5.61

1.58

29.80

2.49

sep-09

6.86

4.85

2.01

37.99

4.04

oct-09

5.12

3.57

1.55

29.24

2.39

nov-09

3.42

2.47

0.96

18.09

0.92

dec-09

2.33

1.98

0.35

6.69

0.13

jan-10

2.51

1.42

1.09

20.68

1.20

feb-10

2.37

1.74

0.63

11.87

0.39

mar-10

3.04

1.80

1.24

23.42

1.54

apr-10

4.83

3.30

1.53

28.88

2.34

may-10

7.33

4.33

3.00

56.75

9.02

jun-10

7.93

4.93

3.00

56.70

9.00

jul-10

7.96

5.53

2.43

45.96

5.92

aug-10

9.39

4.88

4.52

85.38

20.41

sep-10

5.77

4.36

1.41

26.55

1.97

oct-10

4.91

3.17

1.74

32.85

3.02

nov-10

3.27

2.35

0.92

17.31

0.84

dec-10

2.17

1.87

0.30

5.61

0.09

jan-11

2.76

1.46

1.30

24.57

1.69

feb-11

3.57

1.65

1.92

36.23

3.68

mar-11

4.10

2.11

1.99

37.61

3.96

apr-11

5.95

2.91

3.04

57.38

9.22

may-11

6.97

4.14

2.83

53.43

8.00

jun-11

7.37

5.32

2.06

38.84

4.22

jul-11

7.43

5.72

1.70

32.20

2.90

aug-11

7.37

5.62

1.75

32.98

3.04

sep-11

6.46

4.78

1.68

31.69

2.81

oct-11

4.53

3.39

1.14

21.45

1.29

Mean

5.25

1.76

33.38

3.94

The correlation between the observed ETa (at farm scale), and the corresponding ETa estimated
from remote sensing, was assessed. A high correlation was found (Fig. V.3), with a correlation
coefficient R2 equal 0.86. However, a slight underestimation was identified (e.g. the ETa estimated
represent the 65 % of the ET observed at farm).
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Figure V.3. Correlation between observed and estimated records of ET.
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VI

DEVELOPMENT AND TESTING OF GIS-BASED SOLUTION FOR DATA INTEGRATION

VI.1. Introduction
The complete application of SEEAW methodology implies the processing of a huge spatial and
temporal database. In this context, the development and application of spatio-temporal toolbox
GIS embedded, represents the better solution for processing the huge volume of geo-referenced
information required. The SORPRESA toolbox (Garcia et al., 2007), is a GRASS GIS solution for
processing information from different sources: - remote sensing, - spatio-temporal datasets, and thematic maps. The developments were based in this type of computational solutions.
Specific algorithms were developed below SORPRESA GIS for implementation of water account
tables, integrating the data from different sources and formats. A geo-database manage the data
coming from the water monitoring network (such as Automatic Hydrological Systems - SAIH
system in Spain -), and other geo-referenced datasets. Therefore, the system gathers and
integrates both geographical and alphanumerical information concerning to river discharges,
meteorological data, land uses, satellite images, among others geo-referenced data.
A relational data model was designed based on ASSET table requirements. This model allows
establishing interconnections between the datasets (tables), with the aim to complete the ASSET
tables. The collected data, included in the relational database, corresponds to:
Spatial Information. Both raster information from bio-physical variables (temperature, precipitation,
and evapotranspiration), and vector maps and masks. .
Alphanumeric information. Including the information provided by the river basin authority, as well
as from other sources (such as data downloaded from various agencies and generated from the
project).
The integration of alphanumeric and spatial data was made through SQL queries to the database.
Therefore an operational algorithm for automatic full-fill of ASSET tables was developed.
This section is structured in four parts, presenting:





software development for processing the information and set up the ASSET tables,
structure and contents of the database,
relational data model, with its types of relationships and entities, and
flowchart of algorithm developed (monthly and annual level).

VI.2. Tools and languages
The relational database is managed under LINUX operating system and PostgreSQL format.
PostgreSQL is an object-oriented system, released under the BSD license.
The PostgreSQL database, using the GNU PostGIS, was considered. This module adds support
for geographic objects, turning it into a spatial database for use in a GIS. The GRASS GIS was
used for geospatial analysis and data management, image processing and map production, spatial

modeling and visualization. GRASS GIS can interact with R language (using the package
spsgrass6), increasing its potential for statistical analysis.
R is free software (under GNU GPL license), available for different operative systems. This
development environment was used for statistical and graphical analysis. Also LaTeX was applied
for composing high quality tables. LaTeX is a free software (under LPPL license), to create
documents with high quality font. The interaction with R by the Sweave function, provides a flexible
framework for mixing text and code R to generate automatic documents and tables.

VI.3. Database
The spatial database developed under PostgreSQL consists in:
‐
‐

Spatial information. These objects include information capable of being represented
geographically (vector or raster information)
Alphanumeric information.

The spatial information includes raster maps of physical variables (such as temperature, and
precipitation), raster masks derived from vectorial data, and vector features (points, lines and
polygons). The detailed information about these entities is presented in the Appendix. Data Base
and Model Data.
Raster dataset
Precipitation and temperatures maps
The observed meteorological dataset, Spain02 (period 1950-2008), provides gridded data of
precipitation, maximum and minimum daily temperatures with a spatial resolution of 0.2 ° (~ 20 *
20 km) (Herrera et al., 2010).
This dataset was extended to the period 2008-2010 and completed by interpolating data using
ordinary Kriging, of precipitation and temperature data from different networks in the SRB.
The meteorological networks considered from different sources were:




Agro-meteorological network from different Autonomous Communities;
Automatic System of Hydrological Information (SAIH),
National Agency of Meteorology (AEMET)

Evapotranspiration maps.
The time series of spatial distribution of actual evapotranspiration, as well as the parameter
necessary for calculating monthly maps extraterrestrial radiation and monthly maps vegetation
index EVI, were stored in the dataset. The methodology for assessing actual evapotranspiration
from remote sensing, was described in the previous section.
Raster SIMPA maps
The dataset also contains spatial information coming from the results of the continuous
hydrological model SIMPA (matrix 1000 x 1000 meters) of Segura Basin (Alvarez et al, 2005). The
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results of SIMPA model, based on the hydrological model Témez (1977), consist in spatial
distributions of several water cycle components (soil moisture, groundwater and surface flow,
among others). In relation with SIMPA inputs and results, the main variables stored in the dataset
are as follows (Table VI.1):










Precipitation
Infiltration
Soil moisture
Temperature
Actual evapotranspiration
Potential evapotranspiration
Total Runoff
Groundwater flow
Surface flow

Table VI.1. SIMPA raster catalogue.

Dataset

Covers

Period

AES_19401996

Surface flow

1940-41 to 1995-96

SIMPA09_19402006

Variables

1940-41 to 2005-06

SIMPA09STD_19402006

Statistic

1940-41 to 2005-06

SIMPA_MED19402006

Monthly average

1940-41 a 2005-06.

SIMPA_20062011

Statistic

2006-11

SIMPA_20062012

Variables

2006-12.

Despite the extended use of SIMPA results by various river basin authorities in the Spanish water
planning processes, in the present work these maps were not considered for ASSET tables due to
the following reasons:
‐

‐

The model results correspond to hydrological natural regime, while the SRB presents a
highly human influence on the regime. Therefore, the ASSET tables were based mainly on
stream and reservoir gauges.
SIMPA model does not present good approximation of groundwater volume, as well as
actual evapotranspiration.

Raster maps came from vectorial map
The raster masks have been derived from vector data. The purpose of these coverages is to
activate areas for obtaining statistics (average value) of physical variables on each asset and
exploitation system selected.

Features (vectorial maps)
The vectorial maps were provided by the river basin authority. The use of these data is considered
to identify elements of the exploitation system (such as rivers, reservoirs, aquifers, water bodies,
and distribution channels).

VI.3.1. Alphanumerical information
Several databases from different sources have been migrated to the project database. Three types
of tables are distinguished according to their origin and purpose. Appendix. Alphanumerical
Database presents a detail of information considered in the corresponding dataset tables.
Data provided by River basin authority
Information from stream gauges networks and hydrometric data, was considered. Table VI.2
presents a summary of this data.
Table VI.2. Summary of data provided by river basin authority.

Origin

Data

Official network of artificial
reservoir

‐

Official network of stream
gauges

‐

Mean daily runoff (volume)

Automatic System of
Hydrologic Information (SAIH)

‐

Mean daily runoff (volume)

Volume, inflows, outflows and evaporation.

Meteorological data
The meteorological data corresponds to temperature and rainfall. The sources of information are: network of agro-meteorological research centers; - Automatic Hydrological System (SAIH) and –
National Agency of Meteorology (AEMET).
Asset data.
The Table VI.3 presents the data processed in the table ASSET from the dataset,
‐
‐

Statistical (averages) estimated for each area and asset in the REWMU.
Information needed for the complete asset table

67

Table VI.3. ASSET Data

Origin

Data

Several sources

‐
‐

Physical Supply and Use Tables
Asset table

Precipitation and temperatures maps

‐

Precipitation on River, artificial reservoir, and
permeable areas.
Evapotranspiration from permeable areas.

‐

VI.4. The data model
The aims of the data model are to establish interconnections (relations) between the dataset for
completing the ASSET tables.
Four types of entities (or tables) can be distinguished in the dataset:





Geographic information: to represent features using point features, line or polygon type.
Teachers (or parents) itself defines entities.
Domains: represent categories of entities.
Series: store historical records of variable referring to an entity.

The type of connections using primary keys or foreign keys (cardinality) between tables can be:





Zero or more
One or more
Zero or one
Exactly one

The following Fig. VI.1 represents the data model in detail.

Figure VI.1. Data Model.
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VI.5. Integration tool of alphanumeric and spatial data
An algorithm programmed in the language R (* .r) has been developed for automatic generation of
ASSET tables. This algorithm is based on the functional relationships defined from the topological
schemes. SQL codes were developed, and the reports (PDF format) using the system LaTeX text
composition were finally designed.
The workflow is as follows:





Execute queries for calculating monthly volumes of measure stations, previous connection
ODBC database.
Execute queries union for monthly data, grouping per year.
Executive of equations that define the functional relationships for each input table ASSET
and storage of records
Subroutine for processing in Latex of create Reports:
o Execute monthly queries to Asset table
o Execute queries Asset table annual data aggregation
o Output format "* .tex" the report with monthly and annual summary tables per year
and REWMU.

The flowchart of the algorithm is presented in Appendix. Flowchart.
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VII

MERGING LOCAL AND ENSEMBLES CLIMATE DATA

VII.1.Antecedents
Climate variability and change present deep impacts over both human socioeconomic activities
and ecosystems. More severe and frequent hydro-meteorological extreme events suggest that
several hydrological variables are reaching critical thresholds, responsible for sudden and negative
impacts rather than a gradual change. Impacts on economic activities, biologic and human health
are related with climate variability and change. These impacts span from a damaging effect on
farm production, the increases of climate refugees, deep disorder to ecosystems, water resources
scarcity and faster spread of vector diseases (Raisanen and Palmer 2001; Tebaldi and Sansó
2009; WHO, 2009).
A pioneering work about dry spell analysis in Spain was presented by Martín-Vide and Gómez
(1999). Sánchez et al. (2011) have performed a dry spell analysis using observed and simulated
precipitation grids from the Iberian Peninsula, with both Regional Climate Models (RCMs) and
Global Climate Models (GCMs). According this work, the droughts are expected to increase over
most of Spain with a greater change in South of the Peninsula.
Several authors studied the rainfall trends by climate model projections (Raisanen and Palmer
2001; Giorgi and Mearns 2002; Giorgi et al. 2004; Tebaldi et al. 2005). Considering temperature
data from GCMs for the time reference period 1961–1990 and the simulated data for 2071–2100,
several authors (Giorgi et al. 2004; Tebaldi et al. 2005) have identified a generalized rise of
temperatures over the Iberian Peninsula, especially in summer. Furthermore, a plausible decrease
of rainfall greater than 15 % over the Iberian Peninsula for the wet season was identified by Giorgi
et al. (2004). In the last years, there were several efforts for the inter-comparison of RCMs results
over Europe. The works of Jacob et al. (2007) and Christensen and Christensen (2007) are
assessing the ability of RCMs to simulate the long-term mean climate and the inter-annual
variability working with near surface temperature and precipitation, are highlighted. The GCMs are
considered the only tools that can take into account the complex set of procedures which control
the climate. Nowadays, the GCMs are the worthiest source of data regarding future climate change
at global scale, and about the change in frequency and severity of extreme events (Murphy et al.
2004; Sánchez et al. 2009). However, there are several uncertainties in climate modeling, and
these are usually associated to the initial condition, boundary conditions, parameterization and,
finally, structural uncertainties (Tebaldi and Knutti, 2007). The uncertainties are principally caused
by unreliable projection of greenhouse gases (GHG), highly related with doubts regarding world
population growth, future economic and technological development, progress in international
cooperation agreements, as well as a lack of understanding of the climate system, the intrinsic
randomness the process involves and current modeling constraints, among other causes (Sánchez
et al. 2009; Tebaldi and Sansó, 2009).
Consequently, a strategy is needed in order to assess and reduce the uncertainty of climate
projections, due to stakeholders often facing several simulations of unknown modeling quality. The
multimodel ensemble based on probabilistic approach, a way to increase the projection reliability.

Basically, the combination of members in the multimodel ensemble can be done in two ways. The
first one is by neglecting the different reliability of models, and weighing them all equally (Murphy et
al. 2004). The other way is to use weighted averages, where the model weight depends on some
measure of performance. The selection of a particular metric is pragmatic and mainly subjective.
Weigel et al. (2010) highlight that equally weighted multimodels on average outperform the single
models, and the projection errors can be further reduced by applying model weights according to
some measure of performance. Sánchez et al. (2009) used data from RCMs forced by ERA40, to
build ensemble CDF (Cumulative Distribution Functions) of seasonal rainfall, considering a
regional approach over Europe. The Reliability Ensemble Averaging (REA) method originally
proposed by Giorgi and Mearns (2002), has been selected in the present work to compute the
models weight based on distribution similarity. However, a revisited REA method is proposed in
the present work. García Galiano and Giraldo Osorio (2010) presented a good example of the
application of RCMs data at basin level to study the impacts on extreme events of rainfall in the
Senegal River Basin (West Africa), applying the REA method.
In the REA revisited method proposed in this work, the convergence criterion is discarded. The
convergence criterion could produce an artificial narrowing on ensemble of probability density
functions (PDFs), and some tails and extreme values could be lost. Therefore, in order to analyze
plausible trends of maximum dry spell and seasonal and annual rainfall for the scenario 2050 over
Spain, a PDF ensemble building based on REA revisited method is addressed.

VII.2.Datasets
Several sources of rainfall data were considered, as follows:





Daily gridded observed rainfall dataset, named Spain 02 (Herrera et al., 2010) for time
period 1951-2007 and spatial resolution 20 x20 km.
Observed daily rainfall data for period 2008-2012, from rain gauges (Automatic
Hydrological Information System - SAIH system in Spain -, and meteorological datasets),
interpolated by Kriging method (model spherical) with a spatial resolution 250 x 250 m.
Simulated rainfall data from RCMs provided by the EU ENSEMBLES ProjectRT2B
(Christensen et al. 2009), with a spatial resolution of 25x 25 km for the time period 1961–
2050. The following RCMs - driven by different GCMs for scenario A1B - were selected:
C4IRCA3, CNRM/RM5.1, DMI/ARPEGE, DMI/ECHAM5-r3, DMI/BCM, ETHZ/CLM,
ICTP/REGCM3, KNMI/RACMO2, METNO/BCM, METNO/HADCM3Q0, MPI-M/REMO,
OURANOS/MRCC4.2.1,
SMHI/BCM,
SMHI/ECHAM5-r3, SMHI/HadCM3Q3, and
UCLM/PROMES. Based on the grid provided by the RCMs dataset, 906 sites over Spain
were set up for the study.

VII.3.Methodology for building the RCMs ensemble
The REA method provides a measure of reliability, average and uncertainty range of simulated
climate change from ensembles of different atmosphere-ocean GCMs and RCMs (Giorgi and
Mearns, 2002). Several previous studies have used the REA method to evaluate the performance
of climate models (Giorgi and Mearns, 2003; Dominguez et al., 2010; Mote and Salathé, 2010;
Raisanen et al., 2010; Giraldo and García, 2013).The original method considers two criterion to
estimate the model reliability factor R. The first of them, model performance criterion (RB), focuses
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in reproducing the present-day climate. The second one, model convergence criterion (RD),
evaluates the convergence to the “best estimated response” or REA average in the future climate
projections. For the model convergence criterion RD, the difficulty is that there is no known
reference PDF for future climate. According to Giorgi and Mearns (2002), an iterative process
could be followed to obtain the estimated PDF and therefore RD. The model reliability factor R for
the RCM (Eq. VII.1) is defined as follows:
1/

(VII.1)
The parameters b and d are the criterion weights. It is assumed b = d = 1, giving equal weight to
both criteria. The RB is considered a measure of the model performance criterion, and RD a
measure of the model convergence criterion (Giorgi and Mearns 2002).
The computations of R are based on empirical cumulative distribution functions (e-CDF), and one
quantitative measure to compare the agreement among the probability functions. The Weibull
plotting position formula was used to compute the empirical quantiles of e-CDF. The metric is the p
value from the well-known two-sample Smirnov-Kolmogorov (hereafter TSSK test; Sheskin, 2000).
The TSSK test is a non-parametric test which evaluates the equality between the probability
functions associated with two independent samples, quantifying the maximum distance between
the e-CDF built from the samples (the time series of rainfall). The R values are estimated at site,
then these values are interpolated and the spatial distributions of the reliability factors are obtained
for each RCMs.
Finally, the likelihood associated with a simulated change for the RCM is proportional to the model
reliability factor R. The normalized reliability factors, Pm (Eq. (VII.2)), can be interpreted as this
likelihood associated with each RCM (Giorgi and Mearns, 2003):

∑1

(VII.2)

By algebra of maps the spatial distributions of Pm are obtained from the interpolated maps of R.
Once the Pm maps were obtained, for the building of the PDF ensemble in each site, greater
weight was given to RCMs with high value of normalized reliability factor, using bootstrapping
techniques (Efron and Tibshirani, 1993). To obtain the evolution of the probability distribution of
temperatures and rainfall in each site, PDF ensembles were built for period 1961–2050, and basic
statistics (mean μ and standard deviation σ ), and quantiles for 5, 10, 25, 50, 75, 90, and 95 %
with their respective confidence intervals (95 % CI), were estimated. Fig. VII.1 presents an
example of CDFs ensembles for a selected site (732) in the head basin of the Segura River Basin,
for seasonal and yearly rainfall.

Figure VII.1 Seasonal and annual CDFs of rainfall on site 732 (Segura River Basin), from observed
dataset (in black), ensembles (dashed black) and RCMs. Time period: 1961–1990.

VII.3.1. Reliability factors of Annual Maximum Dry Spell Lengths (AMDSL) time series
The hydrologic variable selected for the study of droughts is the annual maximum dry spell length
(AMDSL), considering a dry spell as the number of consecutive days with rainfall below a threshold
or without rainfall. The threshold was set at 1 mm/day.
From Eq. VII.1, in the case of the estimation of model performance criterion RB, the e-CDF was
built from observed data and from RCM over the 1961–1990 time period. For the model
convergence criterion RD, an iterative process was followed to obtain the estimated PDF and
therefore to estimate RD. The estimated PDF was built using bootstrapping techniques with N =
10,000 data, considering the simulated series for the models between 2021 and 2050 (30 years).
Initially, the reference PDF is built assigning equal weights to all RCM (that is, each model consists
of 10,000/17 ≈ 588 data, obtained from sampling with replacement from the simulated series of 30
years). Then, the distance of each RCM to the estimated PDF is calculated and consequently the
assigned weights are readjusted. This procedure converges quickly after some iteration. It should
be noted that the PDF built in this way is only an estimate of the distribution of the AMDSL of future
climate projection. In accordance with Giorgi and Mearns (2002) and Giorgi and Mearns (2003),
the REA average does not represent the actual climate response to the climate forcing scenarios;
however the REA average represents the best estimate of this response.
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VII.3.2. Reliability factor of seasonal and annual rainfall
A revisited REA method was developed, considering the modifications proposed by Xu et al.
(2010) to address some limitations of the original approach. The time series of mean rainfall were
obtained from each RCM and from the observed data. The new model abandons the use of the
convergence criterion. In addition, the estimation of R is based on the seasonal and yearly
cumulative distribution functions (CDFs), as it is presented in Eq. (VII.3),
.

.

.

.

1

(VII.3)
The parameters a, b, c, d and e are the weights assigned to each criterion. Firstly, the five
functions are considered equally weighted.

VII.4.Discussion of Results
VII.4.1. Annual Maximum Extreme Dry Spells (AMDSL)
Once Pm maps are estimated for each RCM (in base of TSSK p-value metric), the ensemble PDF
on site was built. The selected statistics and their confidence intervals (95 % CI), were estimated
using bootstrapping techniques.
Fig. VII.2 presents the mean of PDF ensemble of AMDSL, for the years 1990 and 2050, and the
difference between 2050 and 1990. From the map for 1990, in the South East of Spain (Segura
River Basin), an increasing gradient towards the South is identified. In the case of 2050, a similar
spatial distribution is presented, however with higher values in the South of Spain. From the
difference map (2050-1990), a significant increase in the AMDSL mean is expected for Segura
River Basin with the consequent negative impacts in the economy and ecosystems.

Figure VII.2 Maps of AMDSL mean for years 1990 (left) and 2050 (center), and change percentage
(right), assessed as [100×(map2050−map1990)/map1990]. The maps were built using the TSSK p-value to
compute the reliability factors.

VII.4.2. Annual and seasonal rainfall
Mean Annual rainfall
In a first step, the mean annual rainfall maps for different time periods were built from observed
and ensembles data. Fig. VII.3 presents the spatial variability of annual precipitation. The maps
clearly show a southeast-northwest gradient, with values of 200 mm / year in the east to nearly 800
mm / year in the northwest of the Segura River Basin.
For example, from the comparison between mean annual observed rainfall for period 1961-1990
and the corresponding simulated rainfall for 2021-2050 for Segura River Basin (Fig. VII.3), an
increase in precipitation in the West of the basin is identified. While, in the coastal areas a
decrease in annual rainfall is expected.
On the other hand, if other time period is selected eg. 1983-2012 in contrasting with mean annual
simulated rainfal for period 2021-2050, the map of difference presents a similar spatial distribution
(Fig. VII.3). However, a smaller increase in rainfall in the West of the basin, and a further reduction
in rainfall in the coastal areas is identified.
The comparison between the map of observed data for period 1961-1990 and the simulated rainfall
for 2011-2040, evidences an increase in precipitation in almost the entire basin, whereas in head
basins and coastal areas a small decrease in annual rainfall is expected (Fig VII.3).
From other studies for Spain, such as the presented by CEDEX (2012), similar results are obtained
for the Segura River Basin (Fig. VII.4). The largest difference is identified for the West of the basin,
where the CEDEX results are more conservative than the ENSEMBLES projects results.
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Figure VII.3. Comparison of spatial distribution of mean annual rainfall (mm) for different time
periods: (a) observed rainfall for 1961-1990 and 1983-2012; (b) simulated rainfall for 2021-50 and
2011-2040; and (c) difference maps in percentage.

Figure VII.4. Variation of rainfall (%) 2011-2040 compared to observed rainfall for 1961-1990 time
period for the forecast average of scenario A2. (Source: CEDEX, 2012).

To complete the information from maps, a table was made in order to complete the mean values of
annual precipitation in the basin (Table VII.1).
Table VII.1 demonstrates the differences in the contrasts of results between different time periods.
For example, in the case of 1961-1990 vs. 2021-2050, an increase of 1 % in the mean annual
rainfall is identified. While, in the second case (1983-2012 vs. 2021-2050) a reduction of 3% in
mean annual rainfall is obtained.
According to IPCC, the period 1986-2005 was affected by the phenomenon of "El Niño". Therefore,
there is a remarkable results dependency of the time period selected. Considering the shorter
period 1983-2012 (with 20 years instead 30), which coincides with “El Niño”, the effects on
reduction of precipitation are more remarkable (Table VII.1). Finally, in the contrast 1961-1990 vs.
2011-2040 (Table VII.1), considered in the study of CEDEX (2012) for Spain, an average increase
2 % of mean annual rainfall is identified. The results are similar to those provided by CEDEX
(2012) study for Spain, working with A2 scenario.

Table VII.1 Contrast of mean annual observed and simulated rainfall for Segura River basin.

Data

Period

Mean annual
rainfall (mm)

1961Observed 1990

323

Ensemble

326

2021-

79

2050
Variation

1%

1983Observed 2012

337

2021Ensemble 2050

326

Variation

-3 %

1986Observed 2005

496

2016Ensemble 2035

324

Variation

-31%

1961Observed 1990

323

2011Ensemble 2040

328

Variation

2%

Mean seasonal rainfall
A deep analysis of time series of seasonal rainfall, time period 2015-2050 from rainfall ensembles,
was addressed. Analyzing the time evolution of seasonal rainfall (not shown), a decrease in spring
and autumn periods was identified. However, mean winter precipitation denotes a slight upward
trend throughout the period. No significant changes are projected for summer precipitation.
In the case of annual precipitation, there is not a significant trend. Only, at the end of the period, a
slight decrease was detected. The declining trends could be justified by decreases in autumn and
spring rainfall.
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Identification of Measures for Optimizing Water Allocations
VIII

MEASURES FOR OPTIMIZING WATER ALLOCATIONS

VIII.1. Introduction
The ‘Identification of Measures for Optimizing Water Allocations’ is led by CHS, with the
participation of Future Water and the UPCT. In previous project meetings, the development of the
task was outlined as follows: CHS would analyse the River Basin Management Plan (RBMP) for
the Segura Basin, and specifically the programme of measures (PoM), in order to identify and
select the most promising measures to be assessed, and provide FW and UPCT with a brief
description of these. Following the selection, FW and UPCT are to evaluate these measures.
The task’s aim is to identify management, technological, administrative and economic measures
and assess their potential impact and effectiveness against specific criteria (e.g. water use
reduction per economic activity, and cost) for the Segura River Basin.
The River Basin Management Plan (RBMP) for the Segura Basin includes a detailed programme of
measures (PoM) dealing with particular aspects of water management such as water scarcity and
droughts (WS&D). A wide range of measures for managing WS&D are found in the RBMP; the
most significant ones being:








reduction/management of groundwater abstraction, particularly for aquifers with qualitative
and/or quantitative problems; Knowledge measures: training and capacity building;
enlargement and improvement of data acquisition networks (quantity and quality);
assessment of floods areas.
Urban use: reduction of urban network losses; fostering the utilization of more efficient
appliances; re-use of urban wastewater for compatible uses (watering of urban gardens,
street cleaning, etc.)
Surveillance measures: improvement of the Water Rights Register; increase the number of
devices for water abstraction control; water discharges better control
Irrigation use: further modernization of irrigation districts; agricultural best practices
Assessment and protection of environmental flows and environmental demands

With this in mind, CHS has selected several measures from the RBMP’s PoM.
In order to do so, measures with a potential positive impact on the availability of water resources
were pre-selected. This first step produced a wide number of possible measures to be evaluated,
and further reduction was required both to reduce the amount of time needed for evaluation and to
focus on those measures which evaluation was the most interesting, either because of the
potential ability to create new availability for water resources or for the amount of economic
investment being drawn into a particular set of measures.

VIII.2. Development
The current PoM, included in the 2009-2015 RBMP, includes measures to be implemented in three
horizons: 2015, 2021 & 2027. The first block is comprised of measures that have already been
implemented in their majority, since the end of the deadline is near; the 2021 block are measures
to be implemented during the next period of water planning, to be started with the approval of the
new RBMP. Although they still haven’t got a budgetary background, their implementation is very
likely. Finally, the third block comprises measures that would, in turn, be implemented in a third
stage of planning, under a new RBMP, and they are defined as a strategic roadmap for the years
to come, but the uncertainty upon their completion is higher.
The total number of measures described is 1.068 and these are divided between the three
horizons as follows: 349 for the 2009-2015 period; 552 for 2016-2021; and 167 for 2022-2027.
The total investment represented by this measures amounts to 4.796.115.394€, divided in three
blocks of 1.950.044.621, 1.860.456.829, and 985.613.944€ respectively.
These figures gives us an idea of the importance of water management measures in this River
Basin, and it also highlights the importance of the results of action D, in order for the River Basin
Authority to have a valuable input on the effectivity of certain measures when it comes to improving
water allocations and water availability.
To complete this brief analysis of the figures of PoM, we can add that, out of the amount budgeted
for 2009-2015, 887.672.288 had already been executed by 2014, when the RBMP was actually
approved.
The measures are divided in 14 groups depending on their nature or the management problem
they are designed to tackle. Furthermore, 18 sub-groups are considered.
The following Table VIII.1 presents the groups of measures. Out of these measures, further
selection was carried out by the rest of ASSET partners depending on availability of sufficient data
to assess the potential impact of measures. Other Measures non pre-selected by CHS but included
in the PoM where finally assessed by FW partner, based on aspects other than potential for water
saving, i.e., potential increase of demands caused by certain measures.
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Table VIII.1 Program of Measures.
Group

Sub-group

Urban Supply

Supply

Hydrologic corrections

Hydrologic and forest management
Management optimization

Satisfaction of demands

Sea water desalination
Increasing regulation capacity

Knowledge building

Improving scientific knowledge of the basin
Best agricultural practices

Diffuse pollution
Administrative implementation actions
Point-source pollution

Specific studies

Control and surveillance

Control elements

Flash flood defence

Riverbed longitudinal interventions

Planning

Management plans for overexploited aquifers

Protection and stabilizing of sea shore

Sea-shore remodelling

Irrigation crops

Updating of irrigation techniques
Sea-shore remodelling

Environmental restoration – Sea shore

Control elements
Demarcation of public domain terrains

Environmental restoration – River banks & Wetlands

Environmental restoration of continental areas

Sewage and water treatment

Wastewater

Out of these groups, three of them were pre-selected for their potential impact on water allocation:
Urban supply, Satisfaction of demands, and Irrigation crops. Sewage and water treatment, on the
other hand, was discarded since the percentage of reclaimed water is already nearly 100%, and
measures on this particular topic could have little impact nowadays on water availability.
‘Urban supply’ includes measures that could indirectly improve water allocation. This is so because
of the distribution system currently in place in the basin, where the urban supply agency
(Mancomunidad de los Canales del Taibilla, MCT) manages several sources of water
(groundwater, superficial water, transfer water from other basins and desalinated seawater) to
supply a large number of the basin’s municipalities. Those still not served by this agency normally

use groundwater, which is an own resource sometimes obtained from aquifers that are subject to
overexploitation; the creation of new infrastructures co connect these municipalities with the main
MCT distribution network would allow for a reallocation of resources that, in the end, would mean
less exploitation of aquifers in exchange for external resources, such as water transfer from
another basin and/ or desalination. With this in mind, the potential for improving water allocation
needs no further explanation, and the evaluation of this measure in terms of effectiveness and cost
is revealed as extremely interesting.
‘Satisfaction of demands’ group of measures includes a few actions aimed specifically at
increasing availability of water resources. Among these, we find measures to optimize
management (quality controls on drinking water, enhancement of distribution infrastructures), to
increase regulation capacity (chiefly the creation of a tunnel connecting the reservoir that receives
the transfer from the Tagus basin with the biggest reservoir in the basin, Cenajo dam. Finally, they
also include the creation of infrastructures to facilitate the delivery of desalinated sea water to
irrigation fields that use a different resource; the availability of desalinated water can decrease the
exploitation of own resources, specially groundwater, and this is why these measures were also
selected to be assessed for their potential in terms of improving water allocation.
‘Irrigation crops’ is the last set of measures that was considered for further studying. It includes
measures aimed at reducing water consumption in irrigation crops, thus increasing water
availability. It is achieved by updating of irrigation techniques, with new facilities, technologies and
management tools with a great potential to reduce consumption.
After screening the whole PoM in general and the aforementioned groups specifically, a final draft
of 53 was selected. An excel file was provided to FW and UPCT showing the most relevant data on
each of them, such as type of measure, brief description of the action, geographical area where the
measure is to be implemented (province), estimated cost of the investment, agent responsible of
proposing and implementing the action, whether or not the measured has already been
implemented and the foreseen horizon of implementation.
The following Table VIII.2 presents all 53 measures pre –selected by CHS to be evaluated.
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Table VIII.2. Measures pre –selected by CHS to be evaluated.

Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

Agent
responsible

Status1

Horizon

Urban supply

Supply

571

Improvements on
distribution networks for
municipalities not served
by MCT

Albacete

20.344.828

Agencia del
agua de
Castilla-La
Mancha

N.E.

20162021

Urban supply

Supply

572

Improvements on
distribution networks for
municipalities not served
by MCT

Almería

5.086.207

Agencia del
agua de
Castilla-La
Mancha

N.E.

20162021

Urban supply

Supply

1141

Supply to the
municipalities of Alhama
de Murcia & Librilla from
MCT’s Lorca-Totana
network

Murcia

3.127.857

MCT

N.E.

20162021

Urban supply

Supply

72

Creation of new
infrastructures to
guarantee urban supply
on municipalities not
served by MCT

Albacete

30.517.241

Agencia del
agua de
Castilla-La
Mancha

N.E.

20222027

Urban supply

Supply

79

Utban supply for the
’Plateau’ region from MCT
network

Murcia

12.465.000

MCT

N.E.

20222027

Urban supply

Supply

956

Support for municipalities

Albacete

196.200

CHS - Dirección

N.E.

2022-

Table VIII.2. Measures pre –selected by CHS to be evaluated.

Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

not served by MCT

Agent
responsible

Status1

Técnica

Horizon
2027

Urban supply

Supply

957

Improvements on
distribution networks for
municipalities not served
by MCT

Albacete

2.950.000

Agencia del
agua de
Castilla-La
Mancha

N.E.

20222027

Satisfaction of
demands

Sea Water
Desalination

66

Adesalination for urban
supply from Escombreras
SWDP

Murcia

49.142.124

Ente público del
agua de la
CARM

E.

20092011

Satisfaction of
demands

Sea Water
Desalination

755

SWDP’s: San Pedro I
(Antonio León MartínezCampos) & San Pedro II

Murcia/
Alicante

180.364.800

MCT

E.

20092011

Satisfaction of
demands

Sea Water
Desalination

756

SWDP’s: Alicante I y II

Alicante

188.160.000

MCT

E.

20092011

Satisfaction of
demands

Sea Water
Desalination

1027

SWDP, regulation pond
and pumping stations
C.R. La Marina. T.M.
Águilas

Murcia

8.511.000

SEIASA Sur
Este

E.

20092011

Satisfaction of
demands

Sea Water
Desalination

262

New infrastructures for
transport and distribution
from SWDP at Águilas to
different users in
’Guadalentín’ Valley

Murcia

29.498.000

ACUAMED

I.P.

20122015
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Table VIII.2. Measures pre –selected by CHS to be evaluated.

Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

Agent
responsible

Status1

Horizon

Satisfaction of
demands

Sea Water
Desalination

752

SWDP: Valdelentisco.
Portion for urban supply.
Phase I.

Murcia

50.998.400

ACUAMED

I.P.

20122015

Satisfaction of
demands

Sea Water
Desalination

753

SWDP: Torrevieja.
Portion for urban supply

Murcia/
Alicante

132.111.941

ACUAMED

I.P.

20122015

Satisfaction of
demands

Sea Water
Desalination

754

SWDP: Águilas-Acuamed.
Portion for urban supply

Murcia/
Almería

47.623.200

ACUAMED

I.P.

20122015

Satisfaction of
demands

Sea Water
Desalination

757

SWDP: Valdelentisco.
Portion for irrigation.
Phase I.

Murcia

76.497.600

ACUAMED

I.P.

20122015

Satisfaction of
demands

Sea Water
Desalination

758

SWDP: Torrevieja.
Portion for irrigation.
Phase I.

Murcia/
Alicante

132.116.059

ACUAMED

I.P.

20122015

Satisfaction of
demands

Sea Water
Desalination

759

SWDP: Águilas Acuamed. Portion for
irrigation.

Murcia/
Almería

190.492.800

ACUAMED

I.P.

20122015

Satisfaction of
demands

Sea Water
Desalination

70

Distribution NetworksValdelentisco SWDP

Murcia

90.447.000

ACUAMED

I.P.

20162021

Satisfaction of
demands

Sea Water
Desalination

284

Refurbishing of ’La
Fayona’ SWDP. Denitrification ot brine rejects
and preparation of

Alicante

1.513.276

CHS - Dirección
Técnica / MCT

N.E.

20222027

Table VIII.2. Measures pre –selected by CHS to be evaluated.

Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

Agent
responsible

Status1

Horizon

discharge pipes for its
release into the coastal
lagoon of ’Mar Menor’.
Irrigated crops

Updating

286

Updating of Irrigated
crops: ’Vega Alta. OjósContraparada’ area.
’Mayor de Molina’ Canal

Murcia

17.256.000

ACUAMED

E.

20092011

Irrigated crops

Updating

932

Improvement & Updating
first Easter canal.
C.G.R.R.L (m.i)

Alicante

20.298.608

DGA/MAGRAM
A

E.

20092011

Irrigated crops

Updating

933

Updating of Irrigated
crops ’Puertas de Murcia’
canal.

Murcia

7.059.761

DGA/MAGRAM
A

E.

20092011

Irrigated crops

Updating

941

Updating of Irrigated
crops. ’Vega Media’ area.
(intake refurbishing in
main canals)

Murcia

2.038.301

DGA/MAGRAM
A

E.

20092011

Irrigated crops

Updating

1016

Updating of irrigated
crops. ’Sector A Zona II,
Vegas Alta y Media de
Abarán’ Area.

Murcia

5.502.071

SEIASA Sur
Este

E.

20092011
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Table VIII.2. Measures pre –selected by CHS to be evaluated.

Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

Agent
responsible

Status1

Horizon

Irrigated crops

Updating

1017

Updating of Irrigated
crops. ’Sectores VII y VIII
(Valpeche, Torrecilla y
Rambla)’ Area.

Murcia

12.069.657

SEIASA Sur
Este

E.

20092011

Irrigated crops

Updating

1018

Updating of Irrigated
crops. ’Comunidad de
Regantes de Campo de
Cartagena’ area

Murcia

9.599.820

SEIASA Sur
Este

E.

20092011

Irrigated crops

Updating

1020

Updating y consolidación
de Irrigated crops de la
Comunidad de Regantes
de Totana

Murcia

6.287.463

SEIASA Sur
Este

E.

20092011

Irrigated crops

Updating

1033

Obras de Updating y
consolidación de Irrigated
crops en la C.R. La
Baronesa

Alicante

1.335.526

SEIASA Meseta
Sur

E.

20092011

Irrigated crops

Updating

1034

Obras de Updating y
consolidación de los
Irrigated crops de la C.R.
Riegos de Levante
Margen Izquierda
(Segundo Levante 1-20)

Alicante

12.437.818

SEIASA Meseta
Sur

E.

20092011

Table VIII.2. Measures pre –selected by CHS to be evaluated.

Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

Agent
responsible

Status1

Horizon

Irrigated crops

Updating

1035

Obras de Updating y
consolidación de los
Irrigated crops de la C.R.
San Isidro y Realengo
(Firma Convenio
10/04/06)

Alicante

10.911.109

SEIASA Meseta
Sur

E.

20092011

Irrigated crops

Updating

1036

Updating y consolidación
de Irrigated crops del
Juzgado Privativo de
Aguas de Guardamar del
Segura (convenio firmado
10/04/07)

Alicante

5.332.711

SEIASA Meseta
Sur

E.

20092011

Irrigated crops

Updating

1292

Mejora, mantenimiento,
acondicionamiento y
explotación del Irrigated
crops tradicional en las
Vegas del Segura.

Murcia/
Alicante

1.000.000

Usuarios del
regadío
tradicional

I.P.

20122015

Irrigated crops

Updating

938

Updating de los Irrigated
crops y consolidación de
la acequia de la Andelma
de Cieza (Murcia)

Murcia

2.000.000

ACUAMED

N.E.

20122015

Irrigated crops

Updating

1019

Updating y consolidación
de Irrigated crops de la
Comunidad de Regantes

Murcia

3.222.449

SEIASA Sur
Este

I.P.

20122015
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Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

Agent
responsible

Status1

Horizon

Casablanca de Abarán
Irrigated crops

Updating

1021

Updating y consolidación
de Irrigated crops del
Azarbe del Merancho

Murcia

2.874.828

SEIASA Sur
Este

I.P.

20122015

Irrigated crops

Updating

1022

Updating y consolidación
de Irrigated crops del
Sector VIII, Cazalla,
Tamarchete y Marchena
de la C.R. de Lorca

Murcia

21.331.988

SEIASA Sur
Este

I.P.

20122015

Irrigated crops

Updating

1023

Updating y consolidación
de Irrigated crops de la
C.R. Zona II de la Vega
Alta y Media del Segura.
Blanca.

Murcia

28.864.429

ACUAMED

I.P.

20122015

Irrigated crops

Updating

1024

Updating y consolidación
de Irrigated crops de la
Zona Cota 120 de la C.R.
de Campo de Cartagena

Murcia

21.241.283

SEIASA Sur
Este

I.P.

20122015

Irrigated crops

Updating

1026

Updating y consolidación
de Irrigated crops de la
C.R. Librilla

Murcia

24.306.000

ACUAMED/SEI
ASA

I.P.

20122015

Table VIII.2. Measures pre –selected by CHS to be evaluated.

Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

Agent
responsible

Status1

Horizon

Irrigated crops

Updating

1028

Updating y consolidación
de Irrigated crops de la
C.R. Arco Sur Mar Menor
y desaladora de los
caudales procedentes de
la EDAR de Cabo de
Palos, TTMM La Unión y
Cartagena (Murcia)

Murcia

12.446.455

SEIASA Sur
Este

I.P.

20122015

Irrigated crops

Updating

1031

Updating y consolidación
de Irrigated crops en la
C.R. de Campotéjar.
Molina de Segura
(Murcia)

Murcia

2.020.768

SEIASA Sur
Este

I.P.

20122015

Irrigated crops

Updating

1032

Updating de Irrigated
crops en la C.R. de
Casablanca con sede en
Abarán (Murcia). Fase II

Murcia

1.946.921

SEIASA Sur
Este

I.P.

20122015

Irrigated crops

Updating

1066

Updating de los Irrigated
crops del embalse del
Argos

Murcia

23.989.000

ACUAMED/SEI
ASA

I.P.

20122015

Irrigated crops

Updating

288

Updating de las
Infraestructuras
hidráulicas de los Irrigated
crops de la comarca de

Almería

4.781.034

ACUAMED

N.E.

20162021
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Table VIII.2. Measures pre –selected by CHS to be evaluated.

Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

Agent
responsible

Status1

Horizon

Los Vélez
Irrigated crops

Updating

931

Mejora y Updating de los
Irrigated crops de la C.R.
San Víctor de Santomera

Murcia

2.266.308

DGA/MAGRAM
A

N.E.

20162021

Irrigated crops

Updating

937

Ampliación de la
capacidad de regulación
en baja, mediante balsas,
de la C.R. de Mazarrón y
Cartagena

Murcia

9.820.668

SEIASA Sur
Este

N.E.

20162021

Irrigated crops

Updating

942

Updating de las
infraestructuras
hidráulicas de los Irrigated
crops de la Vega Alta.
Ojós-Contraparada.
Updating de las
infraestructuras
hidráulicas de los Irrigated
crops de Archena
(Murcia).

Murcia

33.300.072

ACUAMED

N.E.

20162021

Irrigated crops

Updating

1025

Obras de infraestructura
de riego de la C.R.
Cañada del Judío.
Jumilla. La superficie de

Murcia

3.907.500

SEIASA Sur
Este

N.E.

20162021

Table VIII.2. Measures pre –selected by CHS to be evaluated.

Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

Agent
responsible

Status1

Horizon

esta CR es de 15509 Ha.
Irrigated crops

Updating

1029

Nuevos embalses
reguladores, línea
eléctrica MT y
modificación y mejora de
la automatización de la
zona regable de Jumilla.
C.R. Miraflores de Jumilla

Murcia

4.185.000

SEIASA Sur
Este

N.E.

20162021

Irrigated crops

Updating

1030

Electrificación e
instalación de sondeo de
sustitución, impulsión,
recogida de pluviales,
ampliación de embalse
regulador y arquetas
puesta en riego por
goteo, CR.Puerto
Lumbreras

Murcia

1.031.000

SEIASA Sur
Este

N.E.

20162021

Irrigated crops

Updating

1293

Updating de Irrigated
crops tradicionales de la
Vega Baja y
acondicionamiento de sus
grandes azarbes
colectores.

Alicante

10.000.000

Usuarios del
regadío
tradicional

N.E.

20222027
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Table VIII.2. Measures pre –selected by CHS to be evaluated.

Group

Sub-Group

Nr#

Title/brief description

Province

Budget (€)

Agent
responsible

Status1

Horizon

Irrigated crops

Updating

1286

Adecuación tomas de
agua residual para uso
agrario de la EDAR de
Ontur a las características
de las concesiones
vigentes

Albacete

2.000.000

CHS - Dirección
Técnica

N.E.

20222027

1

Status: E.= Executed; N.E. = Not Executed; I.P.= In Progress; (information accurate at the time of approval of the 2009-2015 RBMP).
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Harmonizing RBMP and Water Accounts: Targeting and
Uncertainty Assessment under Future Changes
IX

HARMONIZING RBMP AND WATER ACCOUNTS

IX.1. Introduction
This section covers the ASSET activities developed in Task Harmonizing RBMP and Water
Accounts: Targeting and Uncertainty Assessment under Future Changes, which aims to extract
indicative target levels of water availability and usage, and potentials for water saving and increase
the resilience of the Segura River Basin (SRB) against future water shortages. To address these
topics, this task covered the three critical issues:




The calculation of a set of use-to-availability indicators at the sub-basin scale from the
SEEAW tables.
The analysis of the effects of a 4-year drought period on the use-to-availability patterns
observed at the basin.
The impact evaluation of various water management measures on water shortage taking
into account climate change and population growth.

After this brief introduction, the following sections are focused on: a) the definition and description
of common use-to-availability water indicators for the Segura River Basin, b) the temporal
characterization of the drought periods in the study region, and c) a descriptive .

IX.2. Drought vulnerability assessment using water accounting
IX.2.1. Water use-to-availability indicators
The SEEAW framework constitutes a very powerful tool to compute water-related indicators that
give us a general picture of the water usage and allocation patterns in a basin. The overall analysis
of these types of indicators provides a quantitative mean to evaluate and compare the water
footprint and sustainability trajectories of different economic systems, but also a useful tool to
identify opportunities for improving water management and reducing leakages or misused
resources.
Based on the SEEAW manual and scientific literature, the ASSET project has finally selected and
computed the following set of indicators and indices for the Segura River Basin (Table IX.1).

Table IX.1. Water-related indicators retrieved in the ASSET project for the Segura River Basin.

Type

Indicator

Description

Availability

Inbasin renewable resources

indicators

(InRR) (hm3)

Total of renewable freshwater available inside
the basin (known as blue water, includes
streamflow and renewable groundwater
resources)

External renewable resources
(OutRR) (hm3)

Total freshwater imported from outside the
basin.

Actual external renewable
resources (inflows – outflows)

External
renewable
resources
actually
retained in the basin after discount the
outflows exported to other basins

(AOutRR) (hm3)
Total
renewable
resources

water

InRR + OutRR. Total of conventional water
resources available in the basin.

(RR) (hm3)
Actual renewable resources
(ARR) (hm3)
Exploitable water resources
(ExpR) (hm3)

Dependency ratio

InRR + AOutRR. Actual volume of
conventional water resources available in the
basin.
Actual
renewable
resources
plus
unconventional water resources (desalinized
water and reclaimed wastewaters) generated
inside the basin

(DR) (dimensionless)

Ratio between the actual external renewable
resources (AOutRR) and total renewable
resources (ARR). It indicates the reliance of a
region on the conventional water resources
generated outside its territory.

Per
capita
resources

Ratio between total renewable
resources (ARR) and population size.

renewable

water

(hm3/hab)
Density of internal resources
(hm3/km2)
Exploitation
indicators

Green Water Use
(GreenWU)

Non-renewable groundwater
abstraction (hm3)

Ratio between the actual renewable resources
(ARR) and the basin area
Rainfall-driven soil moisture abstracted by
rainfed and irrigated agriculture. Known as
effective precipitation according the FAO
terminology.
Total
of
non-renewable
groundwater
resources abstracted from aquifers to meet all,
or partially, the water demands. This volume
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indicates the consumption rate of underground
water reserves or the overexploitation degree
of the basin.
Conventional Water Use
(BlueWU)

Unconventional Water Use
(GreyWU)
Total Water Use

Total Water Consumption
(TWC)

Exploitation

Water Consumption
(WEI+)

Volume of unconventional water resources
(desalinized
seawater
and
reclaimed
wastewaters) used by consumptive activities
Total of water used by consumptive activities
(GreenWU + BlueWU + GreyWU)

(TWU)

Water
(WEI)

Total of renewable water resources (surface
and groundwater) used by the consumptive
activities (agriculture, industry, services and
households)

Total of water from conventional and nonconventional sources actually consumed by
consumptive activities once discounted the
losses of water to the environment

Index

Ratio between the total of conventional
resources (inbasin surface + renewable
groundwater) used by consumptive activities,
and the total availability. It does not include
water from unconventional sources.

Index

Ratio between the total water consumption
(TWC) and the total water resources
(conventional and non-conventional) available
in the basin. It is also known as the Water
Exploitation Index-plus according to the EEA
terminology.

IX.2.2. Drought-based assessment in the 2000-2010 period
To establish baseline-reference values representative of normal-precipitation and drought periods,
dryness status of the basin along the 2000-2010 study period was quantified using the
precipitation percentile-based anomaly, and the ‘drought-level index’ retrieved by CHS (CHS,
2007).
Precipitation anomalies were annually computed at the basin scale using the 1940-2010 dataset
provided by the SIMPA model (Álvarez et al., 2004) as the difference between the observed
precipitation and the median value computed for 70-year period. Three levels of rainfall dryness
severity were retrieved using the thresholds values represented by the 35th (slight dryness), 20th
(moderate dryness) and 10th percentiles (extreme dryness).
The “drought-level index” reported by CHS is a monthly-computed hydrological index which
informs on the total of water available in the basin according to the water reserves stored in dams
and the total of water received from the Tajo-Segura aqueduct. It’s a relative index which range

between 1 when the volume of water stored and flowing in the basin reach its maximum value, and
0 when it reaches its minimum value reported along the study period. According its value, three
warning levels have been coded: pre-alert, when the index has a value below 0.50; alert, when is
below 0.35, and; emergence, when is below 0.20.

IX.2.3. Climate and management scenarios
The adaptation of the Segura River Basin to a future scenario with less water exploitable
resources due to climate change and population growth was quantified regarding the adoption of a
set of management measures which are expected to be executed in the basin in the 2027 horizon.
According the regional climate change projections evaluated for the region, a generalized increase
in temperature and in the incoming radiation reaching the surface is expected. As consequence of
these forcing boundary conditions drought events will be expected to be more severe and frequent
in time, generating higher stressful conditions for crops and hence increasing their water
requirements. Results from the EU SIRRIMED project have been estimated this crop water
requirement increase in the 15-20 % range in the Campo de Cartagena irrigation sector (Contreras
et al., 2014).
Surface renewable resources in the region are expected to decrease as consequence of the
reduction of precipitation inside the basin, but also due to a lower inflows received from inter-basin
transfers. According to preliminary technical studies developed for the region, this reduction in
exploitable water resources have quantified to be around 5% of the total surface resources
available in the basin (CEDEX, 2010).
According to the population trajectories observed in the basin in the last years, the number of
inhabitants in the basin have been estimated to decrease by 6.71 % in the 2010-2033 period
(CHS, 2014a). By the opposite, the domestic consumption rate per inhabitant has been estimated
by CHS to increase by 12.3%, from a basin-averaged value of 155 up to 174 l/inhab.day (CHS,
2014b) (Table IX.2).

Table IX.2. Changes in the household sector, and improvements in the low-level distribution network
expected by 2033.

Variable

2010

2033

%
change

Population (inhab.)

1,988,292

1,854,894

- 6.7

Household consumption rate
(l/inhab.day)

155

174

+ 12.3

Low-level distr. efficiency

0.834

0.852

+ 2.2

of

Against the future scenario driven by climate and population change alone, here defined as the
business as usual (BAU) scenario (Table IX.3), we evaluate the potential changes in the
availability-use patterns due to the adoption of a set of management actions. From the 1068
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actions described in the Programme of Management Measures (PoMMs) of the SRBMP, only a
representative set of those belonging to the main actions groups have been finally considered in
this study. The selection procedure was driven by expert knowledge criteria taking into account
their relevance and potential for generating changes in the general water accounting balance of
the basin. The measures selected were grouped into three main classes:
1. Agriculture. These include those measures focused on the expansion or creation of new
irrigated systems (2), and those ones for the efficiency improvements of irrigation systems (22).
2. Desalinization. These actions consist of the construction of new treatment plants and attached
facilities for supplying additional water resources to irrigation and domestic activities (14).
3. Urban. It includes actions for the improvement of the low-level distribution networks (2) or to reallocate new water resources in municipalities not supplied with waters from the MCT (5).

Table IX.3. Future changes expected in exploitable surface water resources (hm3/year), population
(inhabitants) and water demand of households (hm3/year) for the 2033 horizon. Negative and positive
values indicate reduction or increase in water availability/demand respectively.

Exploitable
REWMU renew. resourc.
(hm3/year)

Population

Household

(2010-2033)

water usage

(inhab.)

(hm3/year)

I

-5.8

-3,046

-0.3

II

-2.5

-6,205

-0.3

III

-5.1

-40,923

+1.4

IV

-21.0

-75,668

-2.6

V

-4.0

-3,799

-0.4

VI

-2.2

-2,327

-0.4

VII

-9.1

-1,431

-2.2

SRB

-49.6

-133,398

-4.8

All the measures considered in this study were regionally-quantified in terms of their potential to
detract or increase exploitable water resources from the system, or to reduce the misused of water
due to leakages along the distribution network, and finally compared against the BAU scenario
(Table IX.4).

Table IX.4. Changes in the Segura water demand/supply matrix resulting from the adoption of a set
of management measures (horizon 2027). Negative values means an increase in the planned water
demand; positive values means water savings or inclusion of new water resources. All data in
hm3/year.
Scenario
Scenario
M1
REWMU

I

Agric.
Expansion

Irrigation
system

-12.3

M2
Urban low-level

II
III

+1.4

IV

+15.9

Households

+0.1

+0.0

+0.1

+4.6

+0.0

+4.6

+43.1

+34.8

+8.4

+57.9

+4.3

+53.5

distr. network
+0.2

+0.06

to

to
Agriculture

Desalinization1)

V

+0.03

+1.5

+0.6

+0.9

VI

+0.12

+48.2

+43.6

+4.6

+30.6

+13.6

+17.0

+186.0

+97.0

+89.0

VII
SRB

-12.3

+16.3

+0.41

1)

Urban use: 89 hm3/año = 23 (Escombreras) + 18 (Valdelentisco) + 36 (Torrevieja) + 12 (Águilas); Irrigated use: 97
hm3/año = 8 (Valdelentisco) + 40 (Torrevieja) + 48 (Águilas) + 1 (Fayona)

IX.3. Results
IX.3.1. Water use-to-availability indicators
The various water use-to-availability indicators selected and defined in Table IX.1 were calculated
for the spatial units and time steps of the analysis (Appendix). Table IX.5 shows the averages of
these indicators for the different water management units defined in the Segura basin.
The areal and per capita density of surface and groundwater renewable resources during the
2000-2010 period in the SRB are on average 52 l/m2 and almost 550 m3/person per year,
respectively (Table IX.5). According to the population-water supply equation proposed by
UNESCO (WWAP, 2012), the Segura River Basin can be considered an area closely facing
absolute water scarcity (the threshold value is at 500 m3 per person). However, values computed
at the sub-basin scale showed a strong spatial variability ranging from less than 500 m3/person in
the Segura-river valley, up to more than 1100 m3/person in the headwater and northern sectors.
In general, the SRB showed a relatively high reliance on external renewable resources incoming
from the interbasin transfers (Tajo-Segura and Negratin aqueducts) with an average value for the
entire basin of 0.33. This reliance on external resources was even much higher in the coastal
sectors where more than 50% of the total water resources used had an external origin.
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The average Water Exploitation Index (WEI), also known as water-to-availability ratio, is above 1 in
the I, III, V and VI sectors, and higher than 0.90 in the remaining ones (II, IV and VII). In average
the WEI reached a value of 1.13 at the basin scale in the 2000-2010 period, while the per capita
water use ratio averaged 660 m3/person. The total consumption index or WEI+ was 0.86, although
it showed a strong spatial variability with the highest value (1.52) found at the North-eastern V
sector where the overexploitation of aquifers is extremely severe (Senent Alonso and GarcíaAróstegui, 2014).
The total abstraction of non-renewable groundwater resources in the basin was estimated in the
225-250 hm3/year range depending on the availability of the surface and non-conventional water
resources. As it is expected the overall WEI of the basin has been slightly decreasing from the
beginning of the study period in parallel to the inclusion of new unconventional resources
(desalinized and reclaimed waters) into the system (Fig. IX.1).

Table IX.5. Average values of water availability and exploitation indicators accounted at the subbasin level.

Figure IX.1. 2000-2010 dynamics of non-renewable abstractions, use of unconventional resources,
and water consumption index (WEI+) in the Segura River Basin.

IX.4. Analysis of the Segura 2005-2008 drought period using PSUT outputs
IX.4.1. Drought characterization
In the 2000-2010 period, total precipitation in 2000 and 2005 were 65 mm and 142 mm lower than
the historical median value, while in the remaining years values were close to the median value
(2001-2003, 2006-2007), slightly higher (2008) or even moderately-extremely higher than usual
(2004, 2009-2010) (Fig. IX.2).
The average of the hydrological drought index used by CHS along the study period was above the
“alert level” threshold until 2005, when the extremely low inputs of rainfall in the basin and of water
inflows from the Tajo aqueduct (298 hm3 against the 437 hm3 received in average during the 20002004) triggered an extreme hydrological drought. Despite the positive rainfall anomalies accounted
in the following years, the water inflows from the Tajo were still even lower making the hydrological
drought endured until 2009 (Fig. IX.2).
For the purposes of this study, we differentiated two periods for which data were compared:
- the 2001-2004 period, considered as a normal rainfall period without severe restrictions in the
provision of water to the regional economy, and
- the 2005 – 2008 period, considered here as an extreme-moderate dry period with strong
restrictions in the provision of water .
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Figure IX.2. Rainfall anomaly (black bar), CHS drought index (red line with squares), and dryness and
warning levels (dotted, dashed and solid lines).

IX.4.2. Impacts on water usage and supply patterns
Commonly, meteorological droughts first have their impact on soil water storage (green water) and
hence on the relative contribution of this component over the total water consumption of rainfed
and irrigated crops. As stated before, the 2005-2008 drought period was triggered by extreme low
rainfall amounts in 2005 and was followed by positive anomalies of annual precipitation. The
satellite-based estimations of green water consumption in the drought 4-year period showed no
large reductions suggesting that this drought period was primary triggered by the reduction of the
surface water inflows reaching the basin than by a local meteorological drought (Fig. IX.3).
The drought period started in 2005 had a duration of three years because of the low external
inflows received in the basin from the interbasin aqueducts. An average of 282 hm3/year was
transferred during the 2005-2008 drought period (i.e., a 48% of reduction against the normalrainfall 2001-2004 period) (Table IX.6) with an absolute minimum value of 201 hm3 in 2006 (Fig.
IX.3). Inbasin renewable inflows were also reduced but in less degree than interbasin inflows
(28 % versus 48%), most likely because the low positive rainfall anomalies recorded during the
2006-2008 period. As consequence of this severe physical water constraint, the total of surface
and groundwater resources used by consumptive activities in the Segura River Basin was reduced
by 440 hm3/year (33 % lower than the normal-rainfall 2001-2004 period). This large reduction was
partially softened by the inclusion of 70 hm3/year of unconventional resources (desalinized
seawater and reclaimed wastewater) (Table IX.6).
As it is expected, the onset of meteorological- or hydrological-based drought spells will reduce the
overall productivity of our agro systems and hence their capacity to add gross value to the total
economical chain. As it is shown in Table, annual crop yields of the most important crop groups in
the basin were reduced during the 2005-2008 drought period in the 10 (fruit trees) and 45 % (olive
trees) range when they were compared with the 2002-2004 normal-rainfall period.

Table IX.6. Evolution of acreage and crop yield in the Murcia region.
Row crops
Year

Citrus trees

Fruit tres

Olive trees

Sup.1)

Yield2)

Sup.

Yield

Sup.

Yield

Sup.

Yield

(ha)

(Tn/ha)

(ha)

(Tn/ha)

(ha)

(Tn/ha)

(ha)

(Tn/ha)

2002

40,639

40.30

45,372

15.85

165,952

2.87

22,055

1.06

2003

39,907

44.26

44,383

17.24

160,123

3.16

22,198

1.12

2004

55,188

31.94

45,574

17.95

156,590

3.30

22,593

1.21

2005

49,446

30.88

45,149

13.31

153,318

2.45

23,431

0.82

2006

50,249

30.21

45,354

16.68

147,467

3.16

23,968

0.81

2007

52,842

29.73

45,915

16.15

150,169

3.49

27,434

0.86

2008

49,226

31.66

45,104

11.44

148,531

2.29

27,786

0.00

2009

53,597

29.10

43,763

11.34

147,055

2.76

28,024

0.75

2010

44,023

33.90

42,349

14.26

144,425

3.19

28,266

0.00

2002-043)

45,245

38.83

45,110

17.02

160,888

3.11

22,282

1.13

2005-083)

50,441

30.62

45,380

14.39

149,871

2.85

25,654

0.62

2005/2002

1.11

0.79

1.01

0.85

0.93

0.91

1.15

0.55

1)

Values of surface acreage from the ESYRCE national database.

2)

Computed from 1) and values of total crop production in Tn. extracted from regional statistics (database of the
Regional Ministry of Agriculture of Murcia).
3)

In ha/year.
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Figure IX.3. Evolution of the total water usage by consumptive activities and the overall WEI+ in the
Segura River Basin.
Table IX.6. Impact of the 2005-2008 drought period on the water-related indicators of the Segura
River Basin.

IX.4.3. Effects of adaptation measurements on the SRB water accounting
Table IX.7 and Fig. IX.4 collects the potential changes in volume of water driven by a scenario of
water reduction availability due to climate change and growth population (Business As Usual
scenario), and the adoption of different management measures in the 2027 horizon (scenarios M1,
M2, and M1+M2). Because the reduction of the exploitable resources triggered by climate change,
the water exploitation indices will increase in the 10-12 % range reducing the overall coverage of
the basin by 10 %. It should be noted that the effects of a hypothetical increase in the water
requirements of crops due to changes in temperature and radiation were not included in this
analysis. This reduction in the total of conventional resources coverage may increase the pressure
on non-renewable groundwater resources in ~100 hm3/year. The adoption of measures focused on
the agriculture and urban sector (M1 scenario), primary focused on the reduction of leakages, and
the inclusion of new unconventional resources from desalinization may reduce the exploitation
indices against the BAU scenario by 12 %, reducing the groundwater abstraction up to ~140
hm3/year against the BAU and 41 hm3/year if it is compared against the present situation (Table
IX.7).

Table IX.7. Matrix of changes in the demand-availability matrix evaluated in the Segura River Basin
for the 2027-2050 scenario.
Present
Water indicator
BAU
Sce. M1
Sce. M2
Sce. M1+M2
(2010)
Availab. of renewable res.

1,062

942

942

942

942

Availab. of unconventional
resources

215

211

211

397

397

Total Use

1,348

1,339

1,352

1,339

1,352

Non-renewable GW
abstraction

243

343

355

190

202

Leakages

338

336

320

336

320

Total Consumption

1,010

1,003

1,032

1,003

1,032

WEI

1.10

1.24

1.25

1.08

1.09

WEI+

0.79

0.87

0.90

0.75

0.77

Coverage3)

0.82

0.74

0.74

0.86

0.85

1)

Because a reduction in water consumption by households (4.8 hm3/year) plus the volume of reclaimed waters by the
reduction of wastewaters (4.2 hm3/year).
2)

Due to the net effect of a reduction in domestic water demand (9 hm3/year) and in the availability of exploitable
renewable resources (50 hm3/year).
3)

Defined as 1 – NonRenew. Abstraction/Total.Use.
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Figure IX.4. Changes driven by future climate-management scenarios in water exploitation indices
and the total of water provided by conventional and unconventional resources against the total water
use (coverage). Present refers to the accounts in 2010; BAU refers to the data in Table IX.3. M1, M2
scenarios are defined in Table IX.4.
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DISSEMINATION AND COMMUNICATION
X

STRATEGY OF DISSEMINATION AND COMMUNICATION

X.1. Summary
The successful communication and dissemination of project outputs is a requirement for every
project partner and a primary responsibility of each Task Leader. This Communication and
Dissemination Plan has been prepared to assist the Task Leaders in this activity.
In the first part of this section, the Communication and Dissemination plan is presented. While in
the second part, the website and tools developed are explained.
This Communication and Dissemination plan:
 Sets out the vision, principles and philosophy for Communication and Dissemination for the
ASSET project.
 Identifies actions that will form part of the co-ordinated Communication and Dissemination
activities for the project, recognising that these actions will be refined and co-ordinated more
fully as the project progresses.
 Provides guidance to Task Leaders regarding how actions should be planned and undertaken.

How should Task Leaders use this C&D Plan?
All Task Leaders are required to read this plan in detail.
The first task will familiarise you with the vision and the ten guiding principles for Communication
and Dissemination for the ASSET project. These principles should be applied to all deliverables
produced by every Task.
The second task will help you to understand the definitions and objectives of dissemination,
communication, uptake and implementation within the context of the ASSET project. A clear
understanding of these terms is needed to interpret the remainder of the report effectively.
The first page of third task lists the main stakeholder groups and types of activity. You need to
understand which stakeholder groups you are targeting with each deliverable.
In Appendix. Communication and Dissemination Activities (Table 1) you will find a list of identified
these types of actions for each task. These should not be considered as definitive, but should be
expanded and/or rationalised as appropriate. Finally, the last task provides a step by step guide to
planning Communication and Dissemination actions to assist with this. It should be noted that
these actions are only those identified to date during the preparation of this plan and it remains the
responsibility of Task Leaders to identify additional actions as appropriate.

X.2. Introduction
X.2.1. Why is a Communication and Dissemination Plan needed?
The European Commission (EC) has produced a number of guidelines and documents in recent
years promoting the need to communicate research results outside of the normal dissemination
routes of research and development (R&D) reports, journal papers, etc emphasising the fact that
because the EC research is public money there is an obligation to tell the public what their money
has produced. Communication is also now formally recognised and established as a contractual
requirement.
Dissemination covers the traditional routes of putting our research results into the public domain,
and particularly in front of the professional (both policy and industry) and research communities
who can benefit from our advances.
Communication of our results, however, is a much broader activity. We must be active in
stimulating broad, popular interest in what we have done, emphasising its importance as a
scientific, economic and social advance and for potential application to the benefit of all citizens of
Europe and Latin America and the Caribbean. The scope of ‘Communication’ is much wider than
just establishing the project website as a window to the world on the project. Communication
requires a partnership with professionals in the communication media – newspapers, magazines,
specialist press, TV, radio, internet news, social media etc.
More detailed descriptions of Communication and Dissemination are provided in the next
paragraphs.

X.2.2. When to plan?
We should not wait until the latter stages of the project before we consider what issues should be
communicated publicly. We need to plan our communication actions from the outset of the project.
Potential topics for a communication activity are:
 completion of a milestone;
 publication of significant results;
 launch of the knowledge platform ; and
 the organisation of a major upcoming dissemination and networking event.

X.2.3. Who is our audience?
We will not have a single audience, but many. We need to identify the audience for a particular
message and tailor our results to the profile (public, professional, academic etc.) of the recipients.
We need also to identify what we want to communicate, the intended outcome of the
communication process and the motivation for the recipient to partake in the process. If, for
example, the communication is intended to raise public awareness of our work, we may need to
compete with other uses of their leisure time, for example other TV stations apart from the one with
our message.
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X.2.4. Who should communicate?
Most scientific communication is done between scientists and the media in their own country or at
least sharing the same mother tongue.
This arises from the preference of the audience of broadcast media to feel comfortable about the
way in which the message is delivered, spoken in the vernacular that they understand. This
observation has a pivotal place in our plan in that we should all take part in communicating.
All of the project partners should be involved in the broader communication of their work, drawing
upon the broader context of the project partnership where appropriate. All partners should take the
initiative in seeding articles, reports, interviews, etc. in their national media. In addition all partners
need to identify what constraints their institution may place upon the Dissemination and
Communication of project outcomes.
Communication has the important additional function of building social relations. Those form the
corner stone of any successful implementation of research outcomes within the European
organizations responsible for climate change, resource efficiency and raw materials.

X.2.5. Purpose of this Communication and Dissemination Plan
The purpose of this plan is:
 To lay down the vision, principles and philosophy for Communication and Dissemination for the
ASSET project;
 To identify actions that will form part of the co-ordinated Communication and Dissemination
activities for the project, recognising that these actions will be scoped and co-ordinated more
fully as the project progresses; and
 To provide guidance to Work Package Leaders regarding how actions should be planned and
undertaken.
It has been recognised that some activities are essential for the successful completion of the
project.
Other activities are aspirational outcomes of the project, which might be undertaken by those
beyond the project as part of the adoption of best practices, etc.
The purpose of this plan is to identify those former activities that are required for the successful
completion of the project, recognising that there is limited budget and time.

X.3. Vision and Principles of the Communication and Dissemination Plan

As a consortium, we will optimise our Dissemination and Communication within and beyond the
ASSET project to stimulate uptake and implementation of our outputs.

X.3.1. Guiding Principles of Communication and Dissemination
We will use the following guiding principles in all our Dissemination and Communication activities:
The 10 principles of Communication and Dissemination
1. Keep it simple – We will keep our outputs as simple as possible to maximise readability
and understanding for the audience.
2. Audience centred – We will design our activities and outputs for the intended audience.
3. Fulfil contract requirements – We will ensure our activities and outputs will deliver our
contractual requirements.
4. Co-ordinated – We will co-ordinate our activities and outputs in a suite of Communication
and Dissemination actions defined by the ASSET project.
5. Timely – We will communicate our results as early as possible, in accordance with our
Communication and Dissemination Plan, but without jeopardising the successful
completion of other parts of the project.
6. Control of quality and content – We will review all outputs as appropriate for quality and
content.
7. Disclaimer – All project outputs will include an appropriate disclaimer of liability.
8. Version control – All documents will include a unique reference number and version
number.
9. Acknowledgement – All outputs will include appropriate acknowledgements of the project
funder, authors (with name and organisation) and contributors.
10. No plagiarism – We will seek permission to use, with acknowledgement, all material
originating from others, whether or not they are participating in the project.

X.3.2. Guidance on the Principles
1. Keep it simple – We will keep our outputs as simple as possible to maximise readability
and understanding for the audience.

Public communication of our work will involve expressing sometimes complex ideas to an
audience that is not used to technical terminology. Some potential means of expressing ourselves
in an accessible way include the following:
 Translating any jargon;
 Telling the story of why we are doing the research;
 Telling the story of how our measurements or experiments are done;
 Using imaginary scenarios to explain how our results might be used or what impact it will have
on people’s lives;
 Engaging with the emotions of the audience;
 Using everyday objects or notions to relate the scale of our work, such as the size of a bus or
house or the number of people affected is like the population of Brussels
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2. Audience centred – We will design our activities and outputs for the intended audience.

Details of how this will be achieved are provided in Chapter 3 of this plan.
3. Fulfil contract requirements – We will ensure our activities and outputs will deliver our
contractual requirements.
References to required deliverables are provided throughout this plan.
4. Co-ordinated – We will co-ordinate our activities and outputs in a suite of Communication
and Dissemination actions defined by the ASSET project.
Currently identified actions are presented in the third task of this plan. The third task also goes
some way towards identifying the links between actions. However, it is identified that more detailed
coordination will be required during the project, as actions are scoped in more detail.
5. Timely – We will communicate our results as early as possible, in accordance with our
Communication and Dissemination Plan, but without jeopardising the successful
completion of other parts of the project.
The third task also goes some way towards identifying the timing of actions. However, more
detailed programming of actions will be required during the project, as actions are scoped in more
detail.
6. Control of quality and content – We will review all outputs as appropriate for quality and
content.

7. Disclaimer – All project outputs will include an appropriate disclaimer of liability.
8. Version control – All documents will include a unique reference number and version
number.
9. Acknowledgement – All outputs will include appropriate acknowledgements of the project
funder, authors (with name and organisation) and contributors.
10. No plagiarism – We will seek permission to use, with acknowledgement, all material
originating from others, whether or not they are participating in the project.

X.4. Four Stages to Implementation
It is important to note the broader context in which Communication and Dissemination are placed.
Four stages can be used to illustrate the process of Implementation, as illustrated in the Fig. X.1
below.
ASSET

Participants and Associates
ASSET C&D ActionsBeyond the life of the project actions

Dissemination

Communication

Uptake

Implementation

Figure X.2 Four stages to implementation

The structure and funding of the ASSET project permits varying degrees of Dissemination and
Communication, but excludes specific Uptake and Implementation activities. However, by
recognising these limitations, efforts will be made to ensure that the Dissemination and
Communication actions are as effective as possible in promoting Uptake and Implementation.

X.4.1. Definitions
Dissemination, Communication, Uptake and Implementation are very commonly used terms, but
are often interpreted in different ways. For the purposes of clarity, the following definitions are used
in this C&D Plan:
Dissemination
Definition: Dissemination is the presentation of information to an audience for them to take up as
they wish. It is the role of the audience to get hold of the information and there is no subsequent
interaction with the originators of the outputs.
ASSET objective: The objective of Dissemination for the ASSET project is to raise awareness of
project activities, project outputs and outcomes, by putting research results and best practice
guidance into the public domain.
Examples: Websites, reports, scientific papers, news articles, presentations, Layman’s report,
policy brief and executive summary, attendance to meetings, workshops and conferences etc.
Key issues: There is a need to make sure that the audience is aware of the existence of the
information and this must include appropriate information to give them the appetite to take action.
Communication
Definition: Communication (or dialogue) is the act of imparting or exchanging information, which
involves direct participation of the audience with the originators of the information and involves the
audience offering feedback to demonstrate a level of appreciation or understanding.
ASSET objective: The objective of Communication for the ASSET project is to enable others to
contribute to project activities, influence project outputs, adopt project outputs, be involved in
project outcomes, learn from the project, etc. The contract requires us to engage not only the
professional community, but also the public including policy makers in what we are doing.
However, this needs to be in a co-ordinated and timely fashion; no activity should be undertaken
unless there is a clearly defined objective.
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Examples: Social Media and electronic news, training, discussion forums, workshops and
conferences, links or partnering with other projects and initiatives, etc.
Key issues (Fig. X.2): Both sides of the communication activity need to adopt approaches that are
compatible with each other. The audience is best placed to tell the originators what they need, but
the originators need to ask the right people the right questions in the right format in the first place.
Therefore, it has to be accepted that there may be a few iterations in this process and this is why
communication activities need to be planned out well in advance to be effective. Communication
activities will also require facilitating by the project and the use of appropriate language, media,
etc. identified by the process described above are essential for successful facilitation.

Figure X.3 How not to communicate.

Uptake
Definition: Uptake is the result of successful dissemination or communication activities, whereby
the audience undertakes an evident change in behaviour by incorporating the knowledge they
have gained in methods of working, design processes or similar.
ASSET objective: The ASSET project excludes specific Uptake activities. However, this does not
mean that we will ignore the need to help stimulate uptake, which we will endeavour to encourage
through the dissemination and communication activities (see the ASSET vision for dissemination
and communication).
Examples: Individuals within organisations will use the outputs from ASSET to better inform their
own practices or contribute to their future research programmes.
Implementation
Definition: Implementation is an extension of uptake, which transforms a willingness on the part of
the audience to undertake a change in behaviour into a formal part of working practices.

ASSET objective: Again, the ASSET project excludes specific Implementation activities. However,
this does not mean that we will ignore the need to help stimulate implementation, which we will
endeavour to encourage through the dissemination and communication activities (see the ASSET
vision for dissemination and communication).
Examples: Outputs become formalised or integrated in working practices within an organisation,
professional institutions accept the outputs as best practice or even demand adoption by
organisations.

X.4.2. Maximising Uptake and Implementation
As introduced above, maximising Uptake and Implementation requires specific effort beyond
Dissemination and Communication. This effort may be broken down into a number of stages (as
shown below). To achieve Implementation with any particular stakeholder it requires the
stakeholder to progress through each of these stages. If Communication ceases at any point
during this process, the stakeholder would typically slip back down the stages.
Low Level of
Communication

1.
2.
3.
4.
5.
6.
7.

Building realistic expectations
Clear framework of outcomes and awareness of gaps being filled
Uptake champions (with suitable support materials)
Provide information in appropriate media
Involvement in work (ownership)
Lessons learned
Reality workshops solving real (user brought) problems.

As stated earlier, this is best achieved with appropriate facilitation provided by the originators, but
direct facilitation is beyond the scope of the ASSET project. Therefore, the project will endeavour
to “lead the way” by the following means:
 Design Dissemination and Communication activities, which will be undertaken within the
project, with Uptake and Implementation in mind;
 Provide examples of Uptake and Implementation through the collaborative work undertaken
within the ASSET project; and
 Provide recommendations for future actions or parallel work outside of the ASSET project to
assist with the facilitation, possibly involving other parties who are better able or placed to
guide organisations through the processes of Uptake and Implementation.

X.5. Identified Actions
In order to be confident that we have best identified our target audiences, we first need to develop
a “world view” and then refine actions to target the most effective areas and appropriate methods.
It is unreasonable to expect the project to target everyone and we need to manage expectations.
Therefore, it is important to identify who we will and will not target (effectively in the form of a
disclaimer), whilst recognising that there will be some “scatter” beyond the target audience (with
some activities being better at this than others).
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Selection of target audiences needs to be based on identifying the desired outcome in relation to
benefiting the project and benefiting the audience. To a certain extent this is achieved by
categorising activities into Dissemination or Communication. However, this can be expanded as
the actions are developed.
In Appendix, Communication and Dissemination Activities (Table 1) undertakes this process,
recognising that planning for certain actions or the actions themselves have already started, whilst
others have not and although aspirational might yet be excluded from the project. Details of
specific actions that have already been planned for are provided in this chapter.
We have identified seven main stakeholder groups within Climate Change, Resource Efficiency
and Raw Material:
 Research Team, i.e. the ASSET project team
 Research Community, beyond ASSET
 Policy makers, who set regulatory, legislative and other decision-making frameworks. Policy
makers are likely to be national, regional and local government authorities
 Academic Community, which differs from the Research Community in its (additional) focus on
teaching and training
 Local Groups, including Non-governmental Organisations (NGOs), community groups, etc.
 General Public, with special attention for the next generation of potential scientists
There are also seven main “Types of Activity”:
 Project Reports i.e. Major Deliverables as listed in the Description of Work, other technical
reports, Annual Activity and Management Reports to the EC, Work Implementation Plan
Reports, miscellaneous project guidance, policy brief and executive summary.
 Conferences including papers, presentations, posters, leaflets, etc.
 Websites
 News articles
 Social Media activities
 Teaching Material and Courses including Layman’s report

X.5.1. Project Reports
Summary of activities from Appendix. Communication and Dissemination Activities (Table 1)
No.

Target Audience

Type of Activity

Form of Media

2b

Research Community

Project Documents,
Deliverables

Text based material
paper based and
digital/navigable
versions

Producer in
Project
All Tasks

Identified actions
Ref
1

2

Action
Review overall goals of DoW
and decide upon format of
reports  then provide
guidance to Task leaders
regarding nature of ouputs
required

Objective
To maximise team

Develop facilities on

Open access / dissemination

website for dissemination of
material as soon as it

of material as early as

efficiency by defining the

Responsibility
Task Leaders with
Task Clead and
coordinator

Timing
complete

Task C

complete

Task C

complete

nature and content of
material supplied from Tasks
for subsequent editing into
Reports

possible

becomes available
3

Review project schedule and
build indicative programme of
deliverables

To advise (team and public)
what, when and where
outputs will be delivered.

X.5.2. Meetings, Workshops and Conferences
Summary of activities from Appendix. Communication and Dissemination Activities (Table 1)
No.

Target Audience

Type of Activity

Form of Media

Producer in
Project

2d,
3a,
4a,
5a

Research Community,
Academic Community, Policy
Makers, Local Groups

Meetings,
Workshops and
Conferences

Papers,
presentations
with copies on
website

All Tasks

Identified actions
Ref
1

Action
Facilitate ASSET member
representation at key
conferences – simple

Objective
Maximise representation at
conferences and events

Responsibility
Task Leaders and
coordinator

Timing
complete

extension of web Meetings
and Events (M&E) tool
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2

Encourage all team members
to submit papers to
conferences and provide

Targeted conferences and
Events

Task Leaders and
coordinator

complete

Task C

complete

Task Leaders and
coordinator

complete

Task Leaders and
coordinator

complete

framework to do so,
including:
a) format of
acknowledgement and
disclaimer
b) process for review and
approval
c) process for validation by
ASSET Management
Team
3

Provide facility on web for

Maximise access to papers

storage and access to all

and presentations.

ASSET papers and
presentations, via
the M&E tool
4

5

Encourage all team members
to use the M&E facility for
wider, ASSET related events.
Email / newsletter

Team uptake of M&E tool

Monitor / record conference
attendance and presentations

Determine effectiveness of

to promote coordinated
approach to conferences

dissemination
[EC reporting requirement]

X.5.3. Website and Email
Summary of activities from Appendix. Communication and Dissemination Activities (Table 1).
No.

Target Audience

Type of Activity

Form of Media

1a

Research Team

Electronic news

Email and website

Producer in
Project
All Tasks

Individual Contacts

Email, face to face

All Tasks

Public eNews and
Social Media

Email and website

All Tasks

Forums

Encourage
Discussions on
online Forums

All Tasks

1c
2a

Research Community

2c

3a

Academic Community

Networking, social
media

Social Media,
Website and
supporting material

All Tasks

4a

Policy Makers

Networking, social
media

News, Social
Media, Website
and supporting
material

All Tasks

5a,
5b

Local Groups

Networking, social
media

News, Social
Media, Website
and supporting
material

All Tasks

6a

General Public

News articles,
social media

Website, Social
media

All Tasks

Identified actions
Ref
1

Action
Maintain and develop

Objective
To facilitate dissemination,

project website

team communication,

Responsibility
Task C

Timing
Complete

Task C

Complete

project management
2

Monitor use of the website

To determine who and how

Quarterly reports to the MT

the website is being used _
how may dissemination &
communication be
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improved?
3

4

Regular online news
published on the website and
in social media

To promote team working

Increase public registration

Widen direct email links

on website.

with each of the identified

Task C

Complete

and maintain awareness
Complete

user communities

X.5.4. Teaching Material
Summary of activities from Appendix. Communication and Dissemination Activities (Table 1)
No.

Target Audience

Type of Activity

Form of Media

4a

Academic Community

Secondary schools
and University

Layman’s report

4b

Academic Community

Secondary schools
and University

Networking, Social
Media

Producer in
Project
All Tasks

All Tasks

Identified actions
Ref
1

2

3

Action
Produce summary of

Objective
Dissemination of planned

Material for promotion via
web.

work

Provide ASSET

Maximise value of material

partners with an opportunity
to feedback on proposed
material type / content /
availability. Identify interested
partners and opportunities for
widespread use of material.

to all partners and wider

Produce public education

To address the issues around
strategic cooperation
between Europe and Latin
America on Climate change,
Resource Efficiency and Raw
Material

material (e.g. a summary
report or brochure) to be
used in schools and for

Responsibility
Task C

Timing
Complete

Task C

Complete

Task C

Complete

users

universities, but also suited
for educated laypeople

X.6. Future Planning of Actions
X.6.1. The Co-ordinator
The Co-ordinator (i.e. Sandra Garcia, UPCT) is in a sense the figurehead for the whole team and
so must take a prominent (but not exclusive) role in the communication of the project results. Task
C has been allocated the specific task of the overall responsibility for Communication and
Dissemination.
Thus the Co-ordinator and the leaders of Task C will undertake the following:
 Lead the definition of the Communication and Dissemination Plan;
 Encourage all partners in their efforts in communication;
 Collate the statistics on communication activities;
 Collate central resources on the project website from all partners’ communication events as a
library for others to use;
 Identify useful results as the basis for technical and general articles and other dissemination
media;
 Identify appropriate EC activities that could be a venue or vehicle for communicating the project
activities; and
 Issue news on behalf of the project team.

X.6.2. Steps in Planning Actions
A series of steps should be undertaken to plan communication and dissemination actions. These
should include:
1. Identify the target audiences and the reason for dissemination or communication
2. Determine the actions
3. Design the message
4. Select suitable dissemination/communication channels
5. Establish time-frame, resources, quality control and budget
6. Prioritise actions based on the above and expected effectiveness
7. Decide on the combination of actions to be carried out
8. Undertake the actions
9. Measure the results
10. Modify, adapt or change remaining actions, if required
These steps are described in more detail below.

125

Identify the target audiences
The target audiences have been identified in general terms in this plan. As each Task Leader
plans communication and dissemination actions in more detail, specific audiences should be
identified.
Determine the actions
The generic activities have been determined in this plan. The main actions identified in the original
project Description of Work (DOW) and subsequently in the Work Implementation Plans (WIPs)
have also been identified in this plan. However, it may become apparent that particular tasks or the
project as a whole would benefit from additional actions. If programme and budget permit, there
should be no reason why these cannot be accommodated in the project.
Design the message
Designing the message should be based around the following principles of communication and
dissemination:
1. Keep it simple – We will keep our outputs as simple as possible to maximise readability
and understanding for the audience.
2. Audience centred – We will design our activities and outputs for the intended audience.
3. Fulfil contract requirements – We will ensure our activities and outputs will deliver our
contractual requirements.
4. Co-ordinated – We will co-ordinate our activities and outputs in a suite of Communication
and Dissemination actions defined by the ASSET project.
5. Timely – We will communicate our results as early as possible, in accordance with our
Communication and Dissemination Plan, but without jeopardising the successful
completion of other parts of the project.
Select suitable dissemination/communication channels
As discussed in previous section, it is important to ensure that appropriate channels are used for
dissemination and communication activities. The suitability of different forms of media will depend
on the type of message that is to be conveyed and the target audience. When planning actions it
may be necessary to undertake some background research into the media proposed where these
are not particularly familiar to the project team.
It should also be borne in mind that appropriate channels of dissemination/communication will
change as the relationship with the audience develops (or declines).
Establish time-frame, resources, quality control and budget
Timing
As the actions presented in this plan are expanded and scoped more fully, it will be necessary to
identify:

 Which project tasks (or sub-tasks) are on the critical path before communication and
dissemination actions can be undertaken?
 How far have some actions already been taken?
 Which actions overlap so that the effectiveness can be maximised for minimum budget?
In particular, the launch of the knowledge platform and the main conference in Latin America are
likely to be very important for both undertaking communication and dissemination actions, but also
to provide feedback to influence subsequent actions.
In identifying a programme of actions, it is also important to take into consideration the target
audiences’ availability and the time required to learn about an output.
Resources
There are principally two types of resources to be considered: material that can be used for
dissemination and communication activities and the people involved.
Examples of resource materials that will be collated during the project include:
 Good quality, high resolution photographs, preferably with people in them or something to
illustrate the scale
 Project website, which is well indexed on Google and other major search engines
 Social media and relevant forums
 Overview information on the project
 Overview information on the problem that we address at the European and Latin American
scale
When allocating particular actions to people, the following questions should be borne in mind:
 Who will deliver the messages?
 Do the project team members within the relevant Task have the appropriate experience?
 Can experience from team members from other Tasks be used?
 Can actions from different Tasks be linked together to reduce resource requirements?
 Which end users should be involved in further development of the communication and
dissemination actions?
 Which end users would be interested in being involved?
 How long will it take to get involvement?
Task Leaders should consider the possibility of using champions external to the project to promote
key messages. The earlier the consideration of such involvement the better, so that sufficient time
can be invested in getting this right. Champions should also only be involved in a coordinated
manner. Therefore, it is essential that all suggested champions are reviewed and agreed with the
Management Team and ASSET Co-ordinator.
Budget
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The costs of organising and participating in dissemination and communication activities should not
be underestimated. All too often this is overlooked during the early stages of a project and
insufficient budget remains at the end to undertake activities. Therefore, budgets should be ’ring
fenced’ early on as part of the planning process.
Prioritise actions and expected effectiveness
Prioritisation of generic activities has been undertaken to some extent in this plan, although the
majority of activities are a contractual requirement of the project and, therefore, must be done.
However, when planning actions in more detail care should be taken to focus greatest effort on
actions that will be the most effective. This is related to understanding your target audience, your
best form of media and the clarity of the message you wish to convey.
Decide on the combination of actions to be carried out
This step is closely related to the previous step. However, when planning actions it is important to
understand how these might link to actions being undertaken by other tasks and these should be
undertaken in a co-ordinated manner.
Undertake the actions
This step is self-explanatory.

X.7. Public Area of the Website
This section describes the proposed content of the public area of the ASSET website, in order to
make it intuitive and user-friendly. However, this content may be further developed as the project
progresses at which point this section of this report, may need to be updated.
About ASSET page wwwassetwater.eu/About_ASSET.php with links to




About ASSET
Study Area
Project Team

Project Plan and Links www.assetwater.eu/Work_Plan.php with links to




Work Plan
Project Timetable
Visual Material

News & Events www.assetwater.eu/news.php with links to




News
Meetings & Events
Subscribe to Newsletter

Contact www.assetwater.eu/Contact.php

X.8. Description of the Programme implemented
An important feature for a European Project like ASSET is to have a global platform to store,
manage and disseminate key information. For this purpose, an ASSET website has been
developed and maintained to support project management, promote team working and aid
communication and dissemination.
ASSET participants use the website (www.assetwater.eu) to exchange network specific
information and ideas. Currently the public website contains general information about the project,
details of all ASSET participants and study area of the project, description of the project work plan,
timetable and information on news and events available to the public and contact information for
the project coordinator.
This report gives a first overview on the content of the ASSET website. The objective is to ensure
that the ASSET website meets the requirements of a global platform and that the website can be
used effectively in the communication among participants and the community outside the ASSET
team.

X.8.1. Design of the website
The website was designed to be easy to use, to be relevant to the main areas of research under
ASSET and to be informative.
The website was developed with 3 main objectives: (i) public dissemination, (ii) team
communication and (iii) project management. As such a number of tools have been designed with
these 3 objectives in mind.
As is typical in project websites, the development of the website had for a first objective to provide
a working environment for the ASSET team to communicate and exchange information and
documents. The development of the website therefore started with establishing a password
protected participant area. An admin area was also simultaneously created to enable the
management team to upload information onto the website and download information from the
participants. Core information about the project was initially uploaded in the public area of the
website. This information will increase as focus of the web development process moves from team
communication tool to public dissemination tool in the second year of the project.
The following items (Table X.1) appear on the initial homepage (Fig. X.3).

Table X.1
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Figure X.3. ASSET website homepage.

The home page of the ASSET website also gives access to the partner area. This part of the
website will only be accessible for team members of the ASSET project and will be used for

registration purposes, news, document exchange, events advertising and reporting activities. The
following tools can currently be found in this area:
 Meetings and events calendar
 Team contacts
 File exchange
 Confidential File Exchange
 Visual Material Library
 News
 Document library
 Online Forum

X.8.2. Future development
The following checklist was adopted to make sure that the ENSOCIO website can effectively
support the activities within the project.
 Design of the website
 Development of the initial public pages and participant area, these will include:
 Information about the project, the team, work packages
 Contact information
 News
 Meetings & events calendar
 Participant area including:
 Team contact information
 Meetings & events
 News
 Document exchange
 Document library
 Visual Library
 Design of report and presentation templates
 Design of fact sheet templates
 Design of Laymans report and policy brief
 Development and implementation of the communication campaign including
 Setting up accounts on social media (linkedIn, Twitter).
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XI

GENERAL DISCUSSION AND CONCLUSIONS

XI.1. Conclusions and recommendations
Along the work, several difficulties and barriers were identified for SEEAW implementation. Novel
methodologies and tools were developed to overcome the difficulties. Some recommendations are
provided to facilitate and improve the implementation the SEEAW in drought prone areas, such as
the Segura River Basin.
The SEEA-W framework provides a consistent mean to integrate physical water-related data with
economic data in an attempt to generate a comprehensive picture of the natural water cycle and its
link to the economy (Dimova et al., 2014). Despite its potential for increasing the transparency in
water management towards water users and other stakeholders (Momblanch et al., 2014),
implementation of the SEEA-W framework remains still difficult because the methodology attempts
to explain with too much detail the water fluxes accounting in a time-spatial domain. In
implementing SEEA-W it is expected that the collecting and arrangement efforts required to fulfil
the tables increase non-linearly as finer spatial and time reference domains are adopted. To avoid
pictures extremely intricate, water accounting systems should include only those relevant figures
which were obtained with sufficient accuracy and then arrange them in a clear and readily
understandable way (Andreu et al., 2010). The inclusion of unreliable data in the accounting
systems may add high doses of uncertainty rather than assurance which at the end may
jeopardize the main achievement of any water accounting system and then to generate doubts on
end-users regarding the rigour of the accounts (Momblanch et al., 2014).
In summary, for the implementation of the SEEA-W framework, it was addressed with several
difficulties regarding conceptual and terminology issues, (i) the arrangement of the different
features included in the PSUTs, the lack of data or the integration of different sources of
information, and (ii) the definition of the spatial and time reference domains required to bring a
balanced compromise between the commitments set by the Water Directive Framework, the
availability of accurate data, and the processing efforts required to obtain indirect figures.

XI.2. Conceptual and terminology difficulties
Most of the water accounting methodologies developed in the last years have been developed
from a financial point of view using concepts and terms which are not so familiar for those
institutions and technicians directly in charge of the water management at the basin scale. This
fact is typical in Spain, where water planning and management has been traditionally handled by
user-participate basin authorities (Andreu et al., 2010) mainly integrated by a staff team with a
strong hydrological-based academic and technical background. Due to historical and legal
reasons, several terms not directly recognized in the SEEA-W framework have been become
institutionalized in the Spanish hydrological-management jargon. This occurs for example with the
concept of water demand, which could be defined as the potential –or the maximum value ofwater quantity that an user can manage for their activities. The prime aim of Spanish water
management policies is to design basin management plans and water allocation strategies able to
get the right balance between water demands and water resources actually available at the basin
scale (commonly known as the water supply of a basin). When a system does not meet with the
water rights or demands of a potential user, then it “fails” and a deficit emerges. Despite to be a

widely used concept in Spanish water management issues, the concept of deficit is not recognized
in the SEEA-W system at all. In opposite to the water demand concept, SEEA-W defines “water
use” as the volume of water actually received by an user or group of users to develop their
activities, while “water supply” is defined as the actual water that an user returns to the
environment through leakages or spills or provides to another potential user. Because SEEA-W
breaks with the concepts of water demand and deficit, public institutions and technicians in charge
of implementing the UN’s framework must be cautious in not confusing terms and in avoiding to
give a different meaning to the physical supply and use tables.
The way in which SEEA-W refers to the losses of water accounted as leakages along the
distribution networks is another critical issue to be considered in the frame of the Spanish River
Basin Management Plans. While in those plans losses take part of the total of water demanded or
consumed by a consumptive user (e.g. agriculture, industry or households), SEEA-W states that
losses should be allocated to the water supplier.
To cope with this issue in agriculture, a two-level distribution network scheme must be considered
(Fig. XI.1): the first is integrated by the primary network, i.e. the conveyance system which
transports water from the big storage infrastructures (e.g. dams) to the irrigation districts; the
secondary-tertiary network is integrated by the on-farm system which would include those losses
accounted during the on-farm distribution and those resulting at the stand-level application. Both,
off-farm and on-farm systems should be separately characterized in terms of their distribution
efficiencies: leakages from the first one should be allocated to the water supplier (W-Supply or WSanitation), while those ones from the secondary-tertiary system should be considered as supplies
of water from the agriculture to the environment. In opposite to agriculture, losses of water which
take place as resulting from the supplying of water to consumptive users connected to the urban
distribution network, including industrial activities and households, must be allocated to the WSupply sector.

Figure XI.1. Conceptual scheme adopted in the SRB to account losses of water due to leakages in
agriculture. Leakages from the primary network are attributed to the water supplier (CHS), while
those accounted along the secondary-tertiary system are computed as supplies of water from
agriculture to the environment.
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The arrangement of the water accounting figures into the tables proposed by the SEEA-W is
considered little intuitive and barely understandable for the end user which may inhibit their
reading. Alone, these tables seem not to be a reasonable and transparent mean for transferring
water accounts and to foster the desirable participation of the general public in the water
management process. In order to make easier the critical revision of the PSUTs, several general
and regional-specific improvements could be implemented. More items are required to be included
in the use and supply tables to make explicit the origin and volumes of all the water fluxes provided
by the W-Supply sector to the consumptive water users (Table XI.1). The new items from 2.d. to
2.g. in the use table inform about the nature of that water received by an user from the W-Supply
sector, while items from 4.I. to 4.V. in the supply tables report on how water is distributed among
consumptive users. The inclusion of these items is especially advisable in highly-regulated basins,
like in the Spanish ones, in which River Basin Authorities act as the main actors in abstracting
water from the environment and in providing it to the final users. Additionally, making explicit these
figures in both tables contribute to check the balance closure of the supply-use tables (internal
coherence) in a much faster way. Finally, other two additional items could be included in the use
table, 1.i.2a. and 1.i.2b., in order to explicit how much of the total groundwater abstraction comes
from renewable and non-renewable resources (Table XI.2) which make possible to obtain an
estimate of the aquifer overexploitation accounted in a region.

Table XI.1.New items (in red) proposed for their inclusion in the SEEA-W PSUTs in the frame of the ASSET project.

135

Table XI.2. Additional items (in red) included to account the relative contribution of renewable
and non-renewable groundwater resources to the total groundwater abstraction.

XI.3. Difficulties in data collection, processing and integration and some solutions
Similarly to others water accounting systems, the implementation of SEEA-W in the SRB
demanded a wide quantity of data that in many cases were lack or strongly disperse. When
figures required to full-fill the PSUTs were lacking, not complete or not enough detailed, or
could not been used or measured directly, estimation of data through indirect methods was
adopted using other available variables as proxies. In general terms, it is stressed that the
total uncertainty finally bring to the water accounting outputs will depend on the number of
indirect methods adopted and the reliability of the input variables required to run them. In
order to be aware on the uncertainties which enclose the PSUTs in the SRB, a set of
“metadata” fact sheets with detailed descriptions of the methods used and the type of data
and sources looked up for each group of activity were provided together with final results.
In most cases, there is a wide variety of potential sources of information and data useful for
SEEA-W which are managed by a high number of public or private actors and stakeholders
(Dimova et al., 2014; EEA, 2013; Momblanch et al., 2014). At the SRB, with two public
Water Basin Authorities and other intermediate actors directly or indirectly involved in the
provision of water to the end-users (e.g. municipalities) and/or the collection of water-related
information, the dispersion of the data has been considered even higher than in others pilot
basins. Despite the Segura River Basin Authority, included in the ASSET consortium, has
provided all the database which supports the SRBMP, additional efforts have had to be
done in requesting and collecting complementary and relevant data for implementing SEEAW. Once identified the sources of data and the methods used to get them, an intensive work
had to be finally done for covering two critical issues: a) harmonizing the local terminology
with the SEEA-W concepts and, b) assessing the internal coherence of all the data
collected from the different sources. Coherence assessments were realized during all the
collecting, processing and implementation period by cross-checking intermediate and final
outputs against the figures officially reported in the SRBMP.
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The Hybrid Tables completion is not free of difficulties. In fact, there is little data available in
the form required in the SEEA-W manual. Thus, the implementation of hybrid accounts for
the SRB have presented several problems that have hindered, and in some cases
prevented, the full completion thereof.
The main drawback is the lack of more detailed statistics prepared by the National Statistics
Institute (INE in Spain). Some aspects of hybrid accounts are not included in national
statistics, such as business spending on compensation of dedicated water supply for their
own use.
Further, the disaggregation by existing productive sectors in national statistics, it is not
always enough to the disaggregation level required in hybrid accounts.
To account for public spending in areas directly related to water, furthermore, breakdown of
investments by the various governments would be necessary.
The geographic extent of the SRB covers several provinces and autonomous communities,
and also does not completely, i.e. the same province, even the same municipality, can
belong to two river basin districts territory. In general, statistics are available at most at the
provincial level, so it requires various interpolations to fit the data to the geographic
distribution of the SRB.
During the study period (2000-2010), there have been many changes in the way of
obtaining national economic statistics such since 2002 began to count the sales periods,
which makes more difficult the projection in time of statistics.
Exports and imports should be considered to (or from as applicable), the SRB from
territories outside this. However, the available statistics only take into account imports and
exports from other countries, and not to other Spanish regions.

In the case of generation of inputs to ASSET tables, in the Segura River Basin where the
use of water for irrigated agriculture is about 85 % of the total, the accurate estimation of
spatial distribution of actual evapotranspiration ( ETa ) remains a challenge. The spatiotemporal distributions of ETa are considered an important input to ASSET tables of SEEAW,
as an component to close the water balance.
The innovative algorithm developed along this work, demonstrates satisfactory results in the
ETa remote sensing retrieval, both for natural vegetation and crops. This method uses only
reflectances from satellite images and ground data to constrain ETo , below a GIS
environment. Furthermore, the application of Hargreaves equation (based on air
temperature), for the estimation of ETo facilitates the operational estimation of spatial
distributions of actual evapotranspiration as input to ASSET tables.
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XI.4. Discussion on spatial variability of rainfall and drought events
The variability in the spatial patterns of precipitation and drought events was analysed in the
the Segura basin. Considering the results from the RCMs ensembles, a scenario of
decreasing trend in mean annual rainfall is plausible. This trend is mainly justified in the
time series of rainfall of autumn and spring. However, a slight increase the average value is
identified for winter, with a general small downward trend of the mean annual rainfall for the
entire basin.
The intensification of drought events obviously impacts on the different components of the
hydrological cycle. In any case, dry spells of rainfall spread through the hydrologic system
causing drought in different components of the hydrological cycle (unsaturated zone,
surface runoff and groundwater runoff).
Furthermore, it should consider that the impact of humans on the water cycle from landcover change can continue to grow. Maintaining external inputs such as Tajo-Segura, and
even the increase in the generation of resources (such as those from desalination, use of
reclaimed water), and better management of them adopting more efficient techniques of
water use in the most demanding and sector agriculture (recovery techniques surplus
irrigation, deficit irrigation, etc.), are emerging as vital options deficit basins of Southeast
Peninsular.

XI.4.1. Spatial and time domain issues
The selection of appropriate reference domains, spatial and temporal, in water accounting
should be addressed being aware of the general limitations of data availability of each study
region. In general, it is expected that the availability of data strongly decrease as smaller is
the reference domain considered. For the SEEA-W implementation in the EU territory, the
basin level is the minimum spatial scale to be adopted in order to meet with the legal
requirements dictated by the Water Framework Directive. Jumping to finer scales,
something that is highly advisable according the guidelines recently proposed by the
European Environment Agency (EEA, 2013), will depend on the availability of data and the
feasibility of looking up different sources of information. As it has been stated in previous
sections, economical and hydrological data are usually monitored at very different spatial
and time scales depending on their nature (e.g. in the SRB, demographic and some
economic data are annually surveyed at the municipal-administrative level, while data on
the total water which arrives to the basin through aqueducts and how this is distributed to
the irrigation districts is reported monthly) or technical or monetary reasons (e.g. the spatial
reliability of surveyed data will depend on the total of interviews accounted in a study
region).
In the SRB, an optimized functional regionalization at the sub-basin scale was realized
integrating a multi-criteria approach and the expert knowledge provided by the technicians
of the Water Basin Authority. This process took the most detailed spatial dataset provided
by ECRINS (EEA, 2012) as the baseline layer over which the regionalization was
implemented. Resulting from this analysis, the 1st-order ECRINS catchments were
regionally aggregated up to define the 7 Representative Elementary Watershed
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Management Units which were the sub-basin domains finally adopted for implementing the
PSUTs.
Similar as with the spatial discretization, ASSET project has based the selection of the time
reference period on the data availability, and the possibilities to generate reliable
information when data was lacking. For the particular case of the PSUTs, implementation
was realized at the yearly level for the 2000-2010 period (11 years). The adoption of an
interannual dimension for the implementation of the physical supply and use tables has
been one of the most challenging issues pursued by the ASSET project. To afford this,
alternative and complementary database and approaches besides those used for the
development of the SRBMP had to be included, processed and deeply analyzed in terms of
their reliability and coherence. Assuming a moderate uncertainty degree, downscaling the
annual outputs to the monthly level would have been partially reached using indirect
methods for agriculture and household water consumptions. However, for the rest of groups
of activity there were no enough reliable data to quantify seasonal dynamics, so it was
decided to maintain the temporal coherence of the PSUT outputs, leaving potential
improvements for future developments.
Regarding the Hybrid Tables, the nature of economic data (yearly information) cannot be
transformed to monthly or daily data without bias introduction. Therefore, the economic
outputs from ASSET project are at annual scale and for the whole river basin.

XI.4.2. Potential improvements adopted in ASSET to underpin the PSUTs implementation
Arrangement of outputs
- Inclusion of additional items in tables to: a) make explicit the interfluxes between W-Supply
and the rest of consumptive users and to facilitate to check the balance closure of the
accounts, and, b) make explicit the relative contribution of renewable and non-renewable
resources to the total groundwater abstraction.
- Sankey diagrams. In order to increase the understanding of the water accounts, PSUTs in
the Segura basin were jointly reported with Sankey diagrams. A simplified diagrammaticconceptual scheme has been proposed as a potential prototype for the SEEA-W framework.
Methodological highlights
- Spatial domain references at the sub-basin scales were defined from a functional point of
view and according to a sub-basin regionalization process rooted on expertise knowledge
and a multicriteria assessment.
- Soil water consumption by agriculture was estimated in this project using a relatively
simple, but still robust, method which integrates satellite-based greenness dynamics of
vegetation with meteorological data easily available at agrometeorological stations.
- Industrial/Urban services consumption rates. Because the inability to get direct data on the
total of water actually used by industrial and urban services activities at the municipal level,
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ASSET tested an indirect residual approach to quantify water the total water use and
consumption by urban services and industrial activities connected to the drinking water
network. When is possible to adopt it, this approach represent a more certain and reliable
technique than others indirect methods which use economic variables as proxies of water
consumption (e.g. GVA or number of employees), or direct methods, but more expensive,
based on the use of actual water consumption data acquired through field surveys.
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